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PREFACE 

Feeds and Feeding, first published in March, 1898, was received with 
immediate and widespread favor by practical stockmen, as well as by the 
professors and students of animal husbandry in our agricultural colleges 

and secondary schools. The plan of the book had been laid along original 
lines, and neither time, labor, nor expense was spared in its preparation. 
In 1910, after nine editions had come from the press, the book was entirely 

rewritten and improved in many ways. During the lapse of time since 
that date, the accumulation of new and important matter, both scientific 
and practical, has made another revision desirable. Accordingly, more 

than two years ago, the preparation of this, the second revision, was be- 
eun, Professor F. B. Morrison, who had so ably assisted with every page 

of the first revision, becoming joint author herein with the original author. 
With a corps of trained assistants he has devoted much time during the 

past two years to the preparation of this second revision. Previous to 
and during its writing he has visited numerous stock farms and ranches 
as well as the agricultural colleges and experiment stations of many states, 

so that now the combined observations and studies of the joint authors, 
along the lines of both theoretical and practical animal husbandry, cover 
quite intimately every state of the Union, as well as parts of Canada and 

the Old World. 
It has been the aim of the authors to give in Feeds and Feeding an 

unbiased and condensed presentation of the most important findings of 
the investigators of both the Old and New Worlds in the science of animal 

nutrition, together with the most important results of the vast number of 

feeding trials which have been conducted at the experiment stations in 
the United States and other countries, the whole being rounded out by 

the practical experiences of many of the leading stockmen of America. 
In a large number of instances, as the text shows, the data and results 

of important investigations, completed so recently at the experiment sta- 
tions as not yet to be in print, have been forwarded to the authors by 

those who were conducting them, in order that the findings might be sum- 

marized in this revision. 
In Part I the fundamental principles of animal nutrition are first 

briefly presented, including the most recent discoveries of the biological 
chemists. The various feeding standards for the different classes of farm 
animals are then fully discussed, and there is presented a new series of 
standards—‘‘The Modified Wolff-Lehmann Standards,’’ formulated by 
the authors,—which are based upon the recent findings of the scientists in 
this and other countries. To point out some of the economic principles 
which should be considered in the feeding of live stock, an entirely new 

chapter—‘‘ Economy in Feeding Live Stock’’—has been added. 

ill 
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In Part II the many new feeding stuffs are given full consideration 

along with the old. Especial emphasis is placed upon the importance of 
combining the legume roughages with corn and the other cereals for the 

economical feeding of farm animals, and upon the great value of silage 
for the various classes of live stock. Finally the vital relation of animal 
husbandry to the economical maintenance of soil fertility, thru the return 

to the soil of the manurial residue of feeding stuffs, is emphasized. 
In Part III there are presented the most important findings obtained 

by the experiment stations, to date, on the value of the many different 

feeding stuffs for each class of live stock, and on the effect of various 
methods of preparing feed, systems of feeding and caring for stock, ete. 

Rather than simply giving the results of single typical trials on the 
various subjects, in most cases the data for all the similar trials on a 

given subject have been carefully compiled and averaged together. The 

feeder is thus given more trustworthy information in regard to the rela- 
tive value of the different feeding stuffs. The observant reader will discern 
that the results of the investigations, as set forth in this work, do not tend 

to render the great art of stock feeding complex and abstruse, but rather 
to simplify it greatly. In evidence of this, note the smaller allowances 
of expensive concentrates recommended in the rations for dairy cows and 
tor fattening cattle when corn silage and the legume forages are rightly 

used to supply the roughage; also that grinding and cooking feed is, for 
the most part, discouraged, in opposition to the theories and teachings of 
earlier times. Those who may be rather surprised that the ways marked 

out in this book are, after all, so simple and plain should remember that 
knowledge and wisdom are often kind in leading us along easy paths. 

Feeds and Feeding contains about one-third more matter than the 

former revision, due not only to the addition of 85 pages, but also to a 
larger type page, a change of type, and other devices for saving space. 
This expansion has been made chiefly in Parts IT and ITI, so that teachers, 

students, and farmers in any section of the country may find in this 
volume information regarding all the feeds of any importance in that 
district. 

The sincere thanks of the authors are hereby extended to the hundreds 

of friends who by suggestions and reports of experiments and experiences 

have furnished invaluable assistance in innumerable ways—only by such 

help so generously given has the making of this book been possible. 
Acknowledgment is due Professor E. V. McCollum of the University of 
Wisconsin for valuable suggestions in the revision of the first six chapters 
of the book; to Messrs. F. R. Jones, G. Bohstedt, A. J. Dexter, and J. G. 
Poynton, and Miss Vivian Elver for help in compiling data; and especi- 
ally to Mrs. Elsie Bullard-Morrison for invaluable assistance thruout the 
entire work of revision. 

W. A. HENRY. 
Madison, Wisconsin, 

October, 1915 
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INFORMATION TO THE READER 

When seeking information on any subject presented in this book, the 
reader should first consult the copious index, the figures of which refer 
to the page on which the topic is presented. Additional information bear- 

ing on the subject given at other places may be found by following up the 
numerous references set in black-face figures in parentheses, occurring in 

the body of the text. These figures refer to the numbered black-face side- 

heads, and not to the pages. 



INTRODUCTION 

LIVE STOCK AND PROFITABLE FARMING 

The animals of the farm should be regarded as living factories that are 
continuously converting their feed into products useful to man. <A fact 

of great economic importance is that a large part of the food they con- 

sume is of such character that humans can not directly utilize it them- 
selves. Among the products yielded by the farm animals are not only 

articles of human diet, such as meat, milk, and eggs, but also such 
materials as wool, mohair, and hides, which are needed for clothing and 
other purposes. Another product of greater aggregate money value than 
any one of these is the work performed by horses and other draft animals. 
Altogether, the farm animals of the United States yield each year 
products worth over $5,000,000,000, a sum nearly as great as the value of 
all the crops annually harvested on our farms. 

As the population of our country becomes more dense, most naturally 

and properly a smaller portion of the crops raised will be fed to animals 
and a larger part consumed directly by humans. This change must come 

with the increased demand for human food, since even high-producing 
animals are able to convert only a part of the feed they eat into food for 

our consumption: Accordingly, with our increasing population, we 
should expect the census statistics to show that the number of animals 
on our farms was failing in some small degree to keep pace with the in- 

erease in people. The actual decrease in farm animals compared with 
population is, however, surprising. While the population of the United 
States increased 21 per ct. during the decade 1900 to 1910, the number of 
eattle and sheep decreased, and the number of swine increased but 
slightly. This indicates that if animal products are to hold their present 
important place in the diet of our people, American farmers must more 
thoroly appreciate the basic advantages of stock farming and better 
understand the principles and methods which are essential to its success. 

1, Live-stock farming and soil fertility—Lured by the high prices 
which have ruled for grain and other crops in recent years, many farmers 
all over the country have sold their crops for cash, rather than following 
the wiser plan of marketing a portion thru the feeding of live stock, and 
thereby maintaining a balanced agriculture. Seldom have they realized 
that with every ton of grain thus sold they are removing from their farms 
$7 to $8 worth of fertility. The loss thru such mining of the soil is grad- 
ual, but in a comparatively few years there will result none the less surely 
worn-out fields, lacking in plant food and humus, which must ever after- 
wards be fed with fertilizers to secure fair crops. On the other hand, if 
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a part of the crops are fed to live stock and proper care taken of the 
resulting manure, most of the fertility may be retained on the farm, and 

the need of commercial fertilizers long delayed. Under intensive stock 
farming, where more or less milling by-produets rich in fertilizing con- 

stituents are usually purchased and fed on the farm, the land will even 
become richer and more productive year by year, with but little need for 
commercial fertilizers. 
When the great South comes into its own, eattle raising will balance 

cotton raising. Neither the cotton lint nor the oil obtained from the seed, 
which is a valuable human food, takes an appreciable amount of fertility 

from the soil. On the other hand, cottonseed meal is the highest in fer- 
tilizing value of all common plant products. Fortunately, it is at the 
same time the highest in feeding value for cattle of all our commonly 
available feeding stuffs. Therefore, by feeding the meal resulting from 

his cotton crop to live stock the southern farmer may bring back to his 
fields most of the fertility drawn out by the cotton plants in their growth. 
Thus he may reap a double profit. 

2. Consumption of feed otherwise wasted.—In exclusive grain farming 
there is no successful way of utilizing the large amount of roughage, such 
as straw and corn stover, which results as a by-product in the growing of 
the cash crops. Such materials are merely in the way and are disposed 

of in the easiest manner, often by burning, without regard for the loss of 

vegetable matter, so much needed by the soil. In a well-planned system 

of stock husbandry all these materials are utilized for feed or bedding. 
Much forage which can not be consumed by humans and would otherwise 
be wasted is thus refined thru the agency of animals and converted into 

a form suitable for the nourishment of man, while a large part of the 
organic matter is returned to the fields in the resulting manure. Im- 

mense amounts of by-products result from the manufacture of the cereals 
and other seeds into flour, breakfast foods, vegetable oils, ete. While 

unsuited for humans, some of these by-products are among our most 

valued feeds for stock. As the density of population increases and the 
prices of foodstuffs advance, the feed supphed our farm animals must to 
an ever increasing extent consist of substances resulting secondarily from 

the making of human food, whether they be coarse roughages or milling 

by-products. 
3. Utilization of land unsuited for tillage—In some sections of our 

country much of the land is so rough or stony that it can not be cropped 
economically. Here cattle will gather the grass on the smoother stretches 

and sheep will search out the herbage on the more inaccessible, rocky 

slopes. Over great areas of the West there is too little rainfall to warrant 
even dry farming, and irrigation will never be possible, either because of 
lack of water or the roughness of the land. Yet stock will thrive on the 
scanty but highly nutritious grasses and other forage. Thru well- 

planned systems of grazing, with additional feed in time of winter storm 

or parching drought, the western ranges should, at no far distant date 
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carry even more stock than they did before large areas were broken up 
into farms. In the cut-over districts of our country large areas of land 
may be profitably grazed by live stock before they are finally brought 
under tillage. 

4, Distribution of labor—Under exclusive grain farming the chief de- 
mand for labor is confined to the periods of preparing the land, planting 
the crops, harvesting, and later marketing the products. During the rush 
seasons labor is high-priced, and often hard to secure at any cost. On the 
other hand, live-stock farming offers employment thruout the entire year. 

Winter, when little other farm work can be done, is the very season when 
farm animals require the most care and attention, for they are then 
usually housed instead of at pasture. Because the live-stock farmer can 

thus offer steady employment he is usually able to secure men who are 

both more efficient and more reliable than he would otherwise be able 
to obtain. 

5. Intelligent and progressive agriculture—The whole world over, the 
most enlightened and progressive agricultural districts are found where 
live stock provides one of the chief sources of income. This is due to 
several reasons: The live-stock farmer can not live from hand to mouth, 
but must providently lay in a store of feed for his animals thruout the 
winter months. This same care and foresight is then carried into his 

other activities. Under some systems of agriculture the returns from the 
year’s crops all come in at once, which makes for extravagance and idle- 

ness, with resultant poverty until another crop is harvested. On the 
other hand, under most systems of live-stock farming, income is secured 
several times during the year. 

The care and control of domestic animals, which are intelligent yet 
submissive to his will, tends to develop the best instincts in man and make 
him kindly, self-reliant, and trustworthy. The good stockman grows 

proud of his sleek, well-bred animals and derives a satisfaction therefrom 
not measured in money. With pride he may hand down to his sons his 
reputation as a breeder. He is also able to leave them fertile fields which 
he has built up rather than robbed, a heritage bequeathed by but few 
grain farmers. 

6. Profitable live-stock farming.—In the early days, with land low in 

price, pasturage abundant, and feed and labor cheap, making a profit 
from live-stock farming was comparatively easy, even tho one possessed 

little knowledge of the principles governing the feeding and care of stock. 
Conditions have now changed. The great western prairies no longer 
offer rich fields free for the taking, and hence thruout the country fertile 
land has advanced in price. No less marked has been the increase in the 
cost of labor and of feeding stuffs. But the price of live-stock products 
has also advanced, so that satisfactory profits may still be realized from 
farm animals. However, present conditions call for a more intelligent 
type of stock farming than has ruled in the past. Good profits are 
possible only when all the operations are planned intelligently and with 
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good judgment, and there is a thoro appreciation of the requirements of 
the various classes of animals for food and care. 

In the pioneer days of our country the feeds commonly used for live 

stock were restricted to the grains and forages grown on the farm. 
Knowledge of the value of these farm-grown products is not now sufficient 
for intelligent feeding. The problem is complicated by the host of by- 
products resulting from the manufacture of articles of human food which 
are offered on the markets as feeding-stuffs for stock. Many of these are 
valuable and economical supplements to the feeds raised on the farm. 
However, such products vary considerably in price and even more 
markedly in nutritive value. Most economical feeding is therefore 
possible only when the relative value of these different products com- 
pared with each other and with the farm-grown crops is clearly under- 
stood. In seeking a knowledge of feeds and of feeding we must first 
consider the plant substances which provide the nourishment for farm 
animals and study the manner in which these compounds are built up in 
the living plant. Next we should learn how: the food consumed by 
animals is digested and utilized within the body for the production of 

meat, milk, work, or wool, and should also study the requirements of each 

class of animals for food, water, shelter, and exercise. Only then are we 
in some measure in a position to understand the value and merits for 
each of the farm animals of the many different feeds, and finally to con- 

sider the principles of care and management, the constant observance of 

which is essential to the highest success in animal husbandry. 
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Part I 

PLANT GROWTH AND ANIMAL NUTRITION 

CHAPTER I 

THE PLANT; HOW IT GROWS AND ELABORATES FOOD 
FOR ANIMALS 

J. Phant GrowtH 

Aside from air, water, and salt, plants either directly or indirectly 
supply all food for animals. It is therefore proper in beginning these 
studies to consider briefly how plants grow and elaborate this food. 

7. The food of plants.—Of the 80 or more elements known to the chem- 
ist, only 14 are commonly present in plants, viz.: carbon, hydrogen, 
oxygen, nitrogen, sulfur, phosphorus, potassium, calcium, magnesium, 
iron, sodium, silicon, chlorin, and manganese. Iodine also is present in 

some plants. With the limited exceptions noted further on, plants can- 
not make use of the elements, as such, for food, but are nourished and 

supported by water, carbon dioxid (carbonic acid gas), and mineral salts 
which contain the elements in chemical combination. 
Water is the largest single component of plants, that not held in chemi- 

cal combination constituting from 75 to 90 per ct. of their fresh weight. 
The plant obtains practically all its water from the soil thru its roots, 
only a small amount being taken from the air by the leaves. Soil water, 
absorbed by the roots, enters the cells of which the plant is composed and 
passes onward and upward thru the stem, moved by eapillarity and sap 

currents, eventually reaching every portion of the structure, being es- 

pecially abundant in the leaves and growing parts. Thruout its existence 
the plant takes great quantities of water from the soil, giving most of it 
off again to the air thru its leaves and other green parts. For every 
pound of dry matter which plants produce they take from the soil thru 
their roots from 200 to 500 Ibs. of water in humid climates, and as high 

as 1,800 lbs. in arid regions. 
Next to water, carbon dioxid or carbonic acid gas is the great food 

material of plants. Ten thousand parts of air contain 3 to 4 parts by 
volume of carbon dioxid, and about 28 tons of this gas rests over each 
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acre of the earth’s surface. The supply of carbon dioxid is never ex- 
hausted from the air, because thru the decay and dissolution of plant 
and animal matter it is being constantly returned thereto. On the under 
surface of plant leaves are innumerable minute openings, or pores, lead- 
ing inward among the cells of the leaf structure. The air, penetrating 
these pores, supplies carbon dioxid, which is absorbed into the cells and 

thus enters the plant proper. In the production of a 15-ton crop of green 

corn over 5 tons of carbon dioxid are required, to obtain which the plants 
must take in over 12,000 tons of air. 

Nitrogen abounds in the living, growing parts of plants. Despite the 
fact that about three-fourths of the air is nitrogen gas, with the exception 
noted farther on plants cannot take it up as such, but obtain their supply 
from the soil by means of their roots, either in the form of nitrates or as 
ammonia, chiefly the former. 

Plants obtain oxygen, which is a part of all plant compounds, largely 
from water and carbon dioxid, and not from the free oxygen gas of the 

air. Some free oxygen is necessary, however, for the growth of green 

plants. 
The mineral substances required by plants are taken from the soil thru 

the roots. They may be grouped as follows: 

Sulfates potassium 
Phosphates ealeium 

Nitrates F magnesium 

Chlorids ° iron 
Silicates sodium 

Carbonates ammonium 

Sulfur, in small amount, is a component of plant proteins. Phos- 
phorus, likewise in small amount, is present in the life-holding proto- 
plasmic protein of the leaf cells and also abounds in the protein of seeds. 
Potassium is necessary in the formation of starch and sugar by plants. 
Magnesium is an essential part of chlorophyll, the green coloring matter 
of plants, which is necessary for their growth. Calcium is vital to plants, 
tho its use is not well understood. Sodium, silicon, chlorin, and man- 

ganese, tho commonly present, are regarded by some authorities as not 

essential to plant life. 
Free oxygen gas is absorbed by seeds during germination, and a small 

amount is being constantly absorbed by the leaves and fruits of plants. 

Bacteria inhabiting nodular growths on the roots of leguminous plants, 

such as clover, alfalfa, and peas, take nitrogen gas from the air and pass 

it on in combined form to the host plant, thus indirectly supplying this 
important element. With these exceptions, the elements, as such, are 

never used in uncombined form by plants, but serve them only when in 

chemical combination. 
8. Plant building.—Living matter is distinguished from non-living 

matter by its power to grow, to repair its own waste, and to reproduce 



HOW THE PLANT GROWS 3 

itself. In plants the life principle is most in evidence in the transparent, 
viscous protoplasm found within the plant cells. Because of inherent 
differences in the protoplasm, each plant possesses an individuality and 
is able to grow and reproduce itself after its own manner. 

The interior of the plant is everywhere bathed with juice or sap, which 
is the great fluid medium for conveying the chemical compounds, 
gathered by leaf and root, to the place where they are formed into or- 
ganized plant substances or building materials proper, and, later, for 
transporting the materials thus formed to all parts where needed. By 

means of this sap, the green-colored protoplasm in the leaf cells is sup- 
pled with carbon dioxid taken from the air by the leaves, with water, 
and with nitrates and other soluble mineral salts taken by the roots from 
the soil. 

In some mysterious manner chlorophyll, the sensitive green coloring 

matter of plants, is able, under the influence of light, to decompose ecar- 

bon dioxid and water and rearrange their atoms to form primary plant 
compounds. The excess of oxygen resulting from this union of carbon 
dioxid and water is given back to the air as a free gas. It is not definitely 
known whether the first product formed is starch, sugar, or some simpler 

compound. From the compounds first formed the plant builds up its 
more complex substances, some of which contain mineral matter taken 
from the soil as salts. Sugar and starch contain much energy which may 
be set free as heat when these substances are burned or otherwise broken 
up. Carbon dioxid and water, on the other hand, have little internal 

energy, and so on being decomposed do not liberate heat. Energy must 
therefore be supplied whenever sugar and starch are formed out of the 
elements contained in these two energy-poor substances. This energy, 
used by the active life-holding protoplasm in building carbon dioxid and 
water into energy-holding sugar and starch, comes from the sun, as light. 

9. The carbohydrates.—Sugar and starch are the great common elemen- 

tary structural substances of plants. With the related products, the 
celluloses and pentosans, they constitute the major portion of all dry 
plant substance. They are grouped under the term carbohydrates, mean- 
ing formed of carbon and the elements hydrogen and oxygen in the 
proportion existing in water, the chemical formula for which is H,0O. 
The molecular composition of the leading carbohydrates is shown in the 
following formulae : 

Glucose 
Fruit sugar CH,20, 

Cane sugar 
Malt sugar 

Starch 

Cellulose § (C,H,,0;)x 

Pentosan (CaHO7) x 

Pentose CHE OF 

Oi. F. Ox 
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Chemists hold that the molecules in the bracketed groups are in reality 
far more complex than the formulae indicate, the actual molecule being 
many multiples of the group here given. The formulae not bracketed are 
held to express the actual atomie composition of the molecule. 

All sugars—cane sugar, glucose, malt sugar, frwit sugar, ete. — are 

soluble in the juices of the plant and constitute the common, portable 
carbohydrate building material of plants, capable, by diffusion and sap 
currents, of passing to all parts of the structure as needed. Some plants, 
the beet and the sugar cane for example, store their carbon reserve as 
sugar. Starch, however, is the common intermediate carbohydrate re- 
serve of the plant world. It is insoluble in the juices of the plant and so 
eannot be directly transported as can the sugars. Starch abounds in 

most seeds, closely packed about the germs, as in the kernels of wheat, 

Indian corn, ete. Often it is stored in the underground parts of plants, 
as in potato tubers. When the starch thus stored is needed in other parts 
of the plant, it is changed by an enzyme, or ferment, called diastase (37), 

thru the adding on of water, to malt sugar, which is soluble and can be 
further changed to glucose by the adding on of more water. The sugars 

so formed ean then be passed from cell to cell until their destination is 
reached, where they may be again changed to starch, pentosans, or cellu- 
lose, as required. 

Plants are primarily composed of minute cells, variously grouped and 
modified, the walls of these cells being formed of cellulose, a carbohy- 

drate. Cellulose is the great insoluble building substance of the vegetable 
world, constituting as it does almost the whole of the skeleton or frame- 
work of plants. As before shown, cellulose is similar to starch and sugar 
in general composition and originates from them. In the dense wood of 
trees the cell walls are thick, in some eases nearly filling the entire cell. 
In the more tender twigs and leaves they are less dense, while in the still 

softer portions, such as fruits and seeds, they are thin and delicate. More 

or less mineral matter or ash is built into the cell walls of plants, being 
especially abundant in the bark of trees, as is shown by the residue when 
such material is burned. 

The pentoses and pentosans are carbohydrates with 5 atoms of carbon 
in the molecule, in place of 6 as in the sugars and starches. The pentoses 

correspond to sugars, and the pentosans to starches and cellulose. The 

pentosans, which are usually associated with cellulose in the more woody 
portions of the plant, form a considerable part of the nitrogen-free ex- 
tract of roughages and other feeds high in fiber. For example, hay from 
the grasses and the straw of the cereal grains usually contain over 20 
per ct. of pentosans, and wheat bran about 24 per ct., while corn grain 
contains less than 6 per et. 

10. Vegetable fats and oils—In some eases the plant stores carbon in 
the form of fat, which is solid at ordinary temperatures, or of oil, which 
is liquid. Such storage is entirely possible since fats and oils are formed 

from the same elements that exist in the carbohydrates. In vegetable 
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fats and oils the molecules are composed of a larger number of atoms 
than are those of the sugars, and the proportion of carbon is greater, as 
the following formulae of 3 common vegetable oils or fats show: 

Stearin O,,H,,,0, 
Ralmaitin 90 bl. cO) 
Olein (Cpls aa Oe 

Vegetable oils and fats give off more heat on burning than do the ear- 
bohydrates, because they contain relatively more carbon. Oils and fats 

most abound in the seeds of plants and represent carbon energy stored 

in condensed form. When seeds containing oil, such as the flax seed, 

begin to grow, the oil is changed over into products which nourish the 
growing plantlet the same as is done in ordinary seeds by the sugar which 
is formed from the stored starch. 

11. Nitrogenous compounds.—We have learned how in the life-holding 
protoplasm of the green parts of plants, especially their leaves, the 
earbohydrates and fats are formed from the elements of carbon dioxid 

and water by the energy of the sun. To these life centers, with their 
green coloring matter, holding sugar and starch, the sap brings nitrates 

and other mineral salts gathered by the roots from the soil. Thru the 
union of the elements of the nitrates and other salts with those of the 
starches and sugars there is formed a new group of complex compounds 
called crude proteins, which, in addition to carbon, hydrogen, and 
oxygen, found in the carbohydrates, contain nitrogen, sulfur, and some- 

times phosphorus. The nitrogenous compounds are the most complex of 

all plant substances. Osborne of the Connecticut Station gives the fol- 
lowing as the probable molecular composition of legumin, a protein found 
in the seed of the field pea, and hordein, found in the barley grain: 

Legumin C, ig tlaies OosaNor Ash 

Hordein Cyst bead Ob rli aabsyn 

Because of their great variety and complexity, the nitrogenous com- 
pounds are the most difficult of all plant substances for study and classi- 
fication. For years able organic chemists have been attacking the 
intricate problems of their structure and composition with great energy 

and patience. Although their work has greatly advanced our knowledge, 
yet little more than a beginning has been made in setting forth the 
differences in the composition of the various nitrogenous or protein com- 
pounds, and in pointing out their relative values as nutrients for animals. 
In discussions of feeding stuffs and the nutrition of animals, the terms 
crude protein, protein, and amids are commonly used for designating the 
various classes of nitrogenous compounds. 

Crude protein is the term employed to designate all the nitrogenous 
compounds of the plant. The chemist finds that about 16 per ct. of the 
plant proteins is nitrogen. Accordingly, he multiplies the nitrogen 

found in a given plant substance by 6.25 (100-16—6.25) and calls the 
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product erude protein. Crude protein embraces 2 great groups of 

nitrogenous plant compounds, protcins and amids. 

The amids may be termed the building stones of the proteins, for from 
them the plant construets the more highly organized proteins, and on 

decomposition the proteins are again broken down into these more simple 
bodies. These compounds are the portable building compounds of the 
plant, for they are soluble in its juices and hence may be conveyed 

wherever needed thruout the plant structure. Commonly ineluded under 

the general term amids are compounds which the chemist calls amino 
acids, and others which he terms true amids. In this work, unless other- 

wise stated, amids will be used to denote both classes of substances. 
Proteins are the more highly organized forms of erude protein. They 

are not always soluble and therefore in many eases not transportable in 

the juices of the plant. The proteins form the basis of the living pro- 
toplasm of all plants and animals, and so are essential to all life. 

The complexity of the proteins is evident from the fact that 18 differ- 
ent amino acids have already been identified, which may enter into their 

composition. Just as the letters of the alphabet may be combined into 

innumerable words, so the possibility for the combination of the amino 
acids into different proteins is almost limitless. hus far scores of differ- 

ent plant and animal proteins have been separated and examined by the 
chemists. Some of these, such as egg albumen, contain all the known 

amino aeids, while others, as zein of corn and eliadin of wheat, lack one 
or more of them. As will be shown later, such incomplete proteins may 

have a lower value for animal feeding than those which are complete in 
their composition. 

During the period of the plant’s hfe when active growth is taking 
place, amids are constantly being formed in the living protoplasm out of 

the nitrates and other mineral salts and the elements composing sugar or 

starch. These amids are continually being transported to needed points 

and there changed into the proteins, and as a consequence do not usually 

accumulate in the plant. Just as starch and sugar may be changed one 

into the other in the plant, so the proteins and amids may be changed one 

into the other as plant necessity may require. When germination starts 
in a seed, an enzyme, or ferment, contained therein acts upon the insolu- 

ble proteins stored in and about the germ and changes them to soluble 

amids, so that the nitrogen may be transported to the newly forming 

parts of the plantlet. When corn forage is placed in the silo, much of 

the protein it then contains is changed back to amids thru the fermenta- 

tions which oeeur. 
Very little erude protein is found in the older woody parts of plants, 

the greater portion always being concentrated at the point of growth; 
i.e., in the leaves, seeds, and reproductive parts. The germ of seeds is 

largely protein, and the rich nutritive substances in the grain close about 
it usually hold much protein. It is in the life-holding protoplasm in the 

ereen parts of plants, principally in their leaves, that all the inorganie 
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compounds taken up by the plant from air and soil are elaborated into 
true plant substances by sun power. ‘The life processes of the plant are 
maintained and all changes are wrought thru its nitrogenous or protein 
compounds, and a knowledge of such fact is not only of interest, but has 

many practical bearings for the farmer and stockman. 
12. Mineral compounds.—The elaboration of food materials in the pro- 

toplasmic masses, as well as the development of young plants from the 

seed, requires the presence of mineral matter, or ash, which is found in 

small amount everywhere thruout the plant. The leaves contain more 

ash than do the other parts, due to the life processes within the leaf cells 
and the constant evaporation of water from their surfaces by which the 

ash in solution is left behind. The ash content of the bark of trees and 

stems of plants is also usually high. 

13. The end of plant effort.—If we study the life history of a plant, we 
observe that its first effort is toward self-establishment and enlargement. 

At this time all the elaborated material, as fast as formed, is transferred 

to the growing parts that they may be built up and established. As the 

plant approaches maturity, its energies are changed from growth to re- 

production, or the perpetuation of its kind. The nutrients in the juices, 

which were formerly directed to the growing portions, are now turned 
toward the reproductive parts. Iirst come the blossoms, then the young 
enlarging fruits. Into these the sugars, amids, and mineral substances, 

all elaborated and worked over by the plant in its leaves, are poured in a 

steady current. The wheat plant resulting from a single kernel bears a 

hundred fruits in the shape of seed grains, while the Indian corn plant 

may produce a thousand-fold. In each of these grains is a miniature 

plant, the germ, composed largely of protein, about which is stored a 

generous supply of rich nutriment—proteins, starch, sugar, oil, and 
mineral matter—all in compact, concentrated form, awaiting the time 

when the germ shall begin life on its own account. In the tuber of the 

potato the cells are packed with starch, while in the beet root the stored 
material is largely in the form of cane sugar. Mach germ, or reproduc- 

tive part, is surrounded with food nutrients stored after Nature’s 
choicest plan to aid the new life which is to follow. 

14. Plants support animal life-—Nature has decreed that it is the fune- 
tion of plants to build inorganic matter taken from earth and air into 
organic compounds, by which operation the sun energy employed becomes 

latent. Thru the life processes the various plant compounds used as food 

by animals are, after more or less change, built into the animal body, or 

are broken down within it to give heat and energy. In this change and 
dissolution the sun energy which became latent or was hidden in the 

growing plant is again revealed in all the manifestations of animal life. 
In the coal burning in the grate we observe the reappearance of the 
energy of the sun which was stored in the plants of ages ago. In the 

stalks and ears of corn which we feed our cattle we are furnishing energy 
received from the sun and rendered latent by the corn plant during the 
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previous summer. Thus it is that the stockman, when supplying plants 

and seeds to the animals under his care, observes in their growing bodies, 
warmed by internal fires, the energy of the sun transmitted by the plant 

to the animal. To the plants of the farm the stockman turns for the 

nourishment and support of his animals. The final step is the consump- 
tion of the flesh or milk of the animals by man, whereby sun energy 

finally becomes human energy. A general knowledge and full realization 

of how plants live and grow is therefore not only of interest, but also may 

be helpful in a thousand ways. 

Il. How tHE CuHEmist Groups PLANT SUBSTANCES 

In the following table, taken from Appendix Table I, the composition 
of a few common feeding stuffs is arranged after the manner adopted by 
agricultural chemists. The first column gives the name of the feeding 
stuff, followed by others showing the average per cent of the several 

nutrients which the feed contains. Last is a column giving the number 

of analyses from which the average composition was computed. 

Chemical composition of typical feeding stuffs, from Appendix Table I 

Organic matter 
Inorganic matter Gabon 

Feeding stuff i Crude - 3 sees 

Water Ash protein Fiber N-free ae 
extract 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

Concentrates 
iDentrconnmeya stem oie 10.5 ee) 10.1 2.0 70.9 5.0 440 
QOBtS is eisai, cu Bean 9.2 on 12.4 10.9 59 .6 4.4 490 
Wiheatietneeteas acta nce OR? 1.9 12.4 2.2 (Al 3 PHA 858 
Wheat brane. .oa.2.4 0). LOeL 6.3 16.0 9.5 set 5 0 4.4 |7,742 
HAR SCO ee ts iae iaot 9.2 4.3 22.6 Oeil 23.2 Som 50 
Linseed meal, old 

DEOCESS sas chars stern 9.1 5.4 33.9 8.4 35.7 7.5 714 

Roughages 
Timothy Daye. ce ale UO 4.9 6.2 | 29.9 | 45.0 2.5 221 
Red clover hay........| 12.9 all 12:58)) 2a TSS ed Sial 76 
Oat Strawn ne eee 1a 5.4 3.6 36.3 40.8 2.4 41 
Kentucky _ bluegrass, 

STEEN viel da eA. e 68 .4 2 4.1 hud 14.8 ee2 32 
Corn | silage, recent 

ANAIVGES: hi: @ tenet UB ur Deal 6.3 15.4 0.8 121 
IM Raa a Wee as A oe 90.6 10 1.4 0.8 (aye Ova 38 

15. Water.—To determine the amount of water in a fodder the chemist 
places a small quantity of the material, finely divided, in a dish and_.as- 
certains its weight. It is then dried in an oven at a temperature of 212° 
F. for several hours and again weighed. The difference between the first 
and last weights represents the amount of water in the sample. Volatile 
compounds, such as some of the substances which give various plants 
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their characteristic odors, are also driven off by this heating, but the 
weight of such compounds is generally insignificant. From the second 
column of the table we learn that even such ‘“‘dry’’ feeds as corn, oats, 

wheat, and wheat bran contain 9 lbs. or more of water per 100 lbs. of the 
feeding stuff. Timothy and clover hay contain still more water, and 
such succulent feeds as pasture grass, corn silage, and mangels are 
largely water. 

16. Ash, or mineral matter.—The chemist next burns the sample and 

ascertains the weight of ash, or mineral matter, which is left. From the 
third column of the table we learn that 100 lbs. of corn or wheat con- 
tains less than 2 lbs. of ash. Oats, with their strawy hulls, and wheat 

bran, consisting of the outer coats of the wheat grain, carry more ash. 

The hays and straws are higher in ash than such grains as corn or wheat, 
due to the accumulation of mineral matter in the leaves during growth, 

to earthy matter washed upon the growing plants by rain, and to dust 

settling on the roughage before it is housed. Such foreign material is not 
really plant ash, but of necessity is reported as such. Owing to their 
high water content, the ash in 100 lbs. of fresh grass, silage, and mangels 
is low. The ash and water of plants together constitute the so-called 
inorganic matter; the other components—crude protein, carbohydrates, 
and fat—are termed the organic matter. 

17. Crude protein.—The process of determining the nitrogenous con- 
stituents of feeding stuffs is too complicated for presentation here. 
Suffice it to say that the nitrogen content is found, and the result multi- 
plied by 6.25 to give the crude protein, since about 16 per ct. of plant 
protein is nitrogen (100——16—6.25). From the table we learn that 100 
lbs. of wheat bran contains 16.0 lbs. of crude protein, while the amount 
in wheat is 12.4 lbs. and in dent corn only 10.1 lbs. per 100 lbs. Red 
clover hay contains over twice as much crude protein as timothy hay. 

18. Fiber.—The woody portion of a feeding stuff is determined by 
boiling a sample thereof successively in weak acid and alkali and wash- 

ing out the dissolved matter. That which remains is termed fiber. As 
is shown later (48), fiber, which consists mostly of cellulose, is less diges- 
tible and hence has a lower nutritive value than the other nutrients of 

feeding stuffs. Corn contains but 2.0 and wheat only 2.2 per ct. of fiber, 
while, owing to the woody hulls, oats contains 10.9 per ct. Most rough- 

ages, especially the straws, are much higher in fiber than the concentrates. 

Mangels contain but 0.8 per et. fiber; were they dried to the same water 

content as oats they would contain only 7.7 per ct. fiber—less than oats. 
19. Fat—A sample of the pulverized dried fodder is treated with 

ether, which dissolves the fats, waxes, resins, chlorophyll, or green color- 

ing matter, and similar substances. This, called ether extract in works 
on plant analysis, is for convenience termed fat in this work. The ether 
extract of seeds is nearly all true fat, or oil, while that of the leaves and 
stems of plants contains much chlorophyll, wax, ete. Corn and oats carry 

more fat than the other cereals. Some seeds, such as flax seed, are so 
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rich in oil that it may be extracted from them by crushing and subsequent 

pressure. 
20. Nitrogen-free extract.—The nitrogen-free extract, expressed in the 

tables in this book as N-free extract, embraces the substances that are ex- 

tracted from the dry matter of plants by treatment with weak acids and 

alkalies under standard conditions, less the crude protein, fat, and ash. 

It is determined by difference and not by direct analysis. The total dry 

matter in a feeding stuff minus the sum of the ash, crude protein, fiber, 

and fat, equals the nitrogen-free extract. It embraces the sugars, 

starches, pentoses. non-nitrogenous organic acids, ete., of the plant. The 

nitrogen-free extract is more soluble and hence more digestible than the 

fiber, and thus has a higher nutritive value. (48) Over 70 per ct. of both 

corn and wheat is nitrogen-free extract, largely starch. The roughages, 

carrying much woody fiber, contain less of these more soluble carbohy- 

drates than the concentrates. 

21. Carbohydrates—The nitrogen-free extract and fiber together 

constitute the carbohydrates. 
By the present method all plant substances are grouped under the 

terms crude protein, fiber, nitrogen-free extract, and fat, without regard 

to the differences in composition and feeding value of the different in- 

dividual proteins, carbohydrates, and fats which make up these classes. 

In many particulars this is unsatisfactory. In time chemists will work 

out a more accurate, tho necessarily more complicated, classification, but 

at present for the great majority of feeds there is nothing better than 

what is here given. 
22. Roughages and concentrates—In discussing feeding stuffs it is 

desirable to differentiate between those which are of coarse, bulky nature 

and others which are more condensed and more nutritious. Accordingly, 

the terms ‘‘concentrate’’ and ‘‘roughage’’ employed in the first edition 

of this book are retained, since they are now widely recognized and used. 

Concentrates are feeding stuffs of condensed nature, which are low in 

fiber and hence furnish a large amount of digestible matter. Examples 

of this class of feeds are the various grains, as Indian corn, wheat, and 

oats, and milling by-products of high feeding value, as wheat bran, lin- 

seed meal, gluten feed, ete. 

Roughages are the coarser feeding stuffs, which are high in fiber and 

supply a lower percentage of digestible matter. Such feeds as hay, 

corn fodder, straw, and silage belong to this class. Some of the low-grade 

milling by-products, such as oat hulls, ground corncobs, and peanut 

hulls are roughages, rather than concentrates, for they are largely fiber 

and furnish but little nutriment. Roots are watery and bulky, and 

contain relatively little nutriment per pound, yet based on the composi- 

tion of the dry substance they are more like concentrates than roughages, 

as they are low in fiber. They are really watery, or diluted, concentrates, 

tho for convenience they are included under fresh green roughages in 

Appendix Table I. 
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III. THe Stupy or AN ACRE OF CorN 

The great basic facts in plant life, briefly set forth in the preceding 
pages, are admirably illustrated by a study of Indian corn, the greatest 

of our agricultural plants, such as has been made by Ladd at the New 
York (Geneva) Station’ and Jones at the Indiana Station2. 

23. Changes in a growing corn crop.—Analyzing the plants at various 
stages from July 24, when they were about 4 feet high, until Oct. 8, when 

the kernels were hard, Jones secured the following data, based on an 
average stand of 10,000 stalks per acre: 

Composition of an acre of Indian corn at different stages 

Total wt.| D 
Stage of growth of green mater Ash Ae Fiber Pee Fat 

Lbs. Lbs. Lbs. Lbs. Lbs. iy Lbs. Lbs. 

Four feet high, July 24....| 5,138 731 90 149 170 282 40 
First tassels, Aug. 6...... 18,827 | 2,245 195 360 670 977 42 
Silks drying, Aug. 28 

Corn and cob......... 4,839 755 24 102 147 473 9 
Stalk, blade, etc........ 19,488 | 3,812 248 334 1,056 | 2,133 40 

Mo tall enese. Masha ces apet 24,327 | 4,567 Qe, 436 1,208 | 2,606 49 
Milk stage, Sept. 10 
Commandicobyee-aee 7,288 | 2,268 50 252 263 | 1,648 55 
Stalk, blade, etc....... 19,422 | 3,906 278 292 1,098 | 2,198 40 

LOCOS Lee a et nae 26,710 | 6,174 328 544 1,361 | 3,846 95 
Glazing stage, Sept. 24 

Comandicoby ss 244-5. 8,620 | 3,866 66 346 312 | 2,985 158 
Stalk, blade, ete.......| 17,130 | 4,238 323 220 1,211 | 2,440 44 

otal stetene: (stek eer 25,750 | 8,104 389 566 1,523 | 5,425 202 
Silage stage, Oct. 1 
@ormand cob)... ...-.4- 9,292 | 4,625 72 450 324 | 3,600 179 
Stalk, blade, ete....... 15,983 | 4,304 297 210 1,278 | 2,484 36 

Motaleeriy seagate 25,275 | 8,929 369 660 1,602 | 6,084 215 
Ready to shock, Oct. 8 

Compandscobhes soe. 9,259 | 5,186 76 492 368 | 4,027 223 
Stalk, blade, etce....... 12,994 | 4,226 307 199 1,369 | 2,309 42 

MO tale cst nates ters 22,253 | 9,412 383 | 691 1,737 | 6,336 265 

From July 24, at a stage when sometimes fed as soilage, to Aug. 28, 
when the silks were drying, the crop increased over 19,000 lbs. in total 
weight and nearly 4,000 lbs. in dry matter. The increase in total weight 
was thereafter less rapid, reaching the maximum when the kernels were 
in the milk stage. After this the gross weight decreased by over 4,000 lbs., 
due to drying out as it matured. The dry matter, however, continued to 
increase rapidly until the plants were fully ripe. Indeed in less than a 
month following Aug. 28 the acre of corn stored over 3,000 lbs. of dry 
matter! When four feet high the crop was nearly 86 per et. water 

1N. Y. (Geneva) Rpt. 1889. ?Ind. Bul. 175. 
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and only about 14 per et. dry matter; while when the kernels were hard 
and the husks dry over 42 per ct. was dry matter. On Aug. 28 less 
than 17 per ct. of the total dry matter was in the ears; by Oct. 8 the 
ears contained over half the dry matter in the total crop. 

24, Ash or mineral matter.—The total ash increased rapidly until the 
plant reached its full height. During the period of greatest starch for- 

mation, Aug. 28 to Oct. 1, the increase in potash was especially rapid. 
25. Crude protein—The most rapid increase in erude protein, the 

nitrogenous portion, occurred before the plants were tasseled, when cell 
growth was more active. After the ears were silked, as is shown in the 
following table from Ladd, the amids—the soluble circulating nitroge- 
nous compounds—did not increase. 

Changes in crude protein in growing corn crop 
Amids Protein 

Stage of growth Lbs. Lbs. 

AP ASSOLE CL ees Aces ete eae tata Teen sone Alaa eae ee en tea Pecans 69 lyAll 
Silked Aix ec MeN Ravi. charted tal eke MaMa eRe bie eg CaP tego Aes 158 279 
Rernelsinmilics eie oa ee east Se ose Meu cadiet Mpe ue es putea Gael ted ees 102 377 
Kernels olazediceciha cmon ciate ese eee ee eee 152 491 
IRIE. 6 iotic ctv tty catia eeattes Sere ate aA gare eee eee k oe ee 109 569 

Altho amids—the building-stones of the proteins—were constantly 
being formed during the development of the plants, they were in turn 
quickly built over into the more complex, stable proteins. Thus, there 
was a steady and marked storage of proteins up to maturity. At all 

stages of growth nearly all the amids are in the stalks and leaves, the 
amids in the ears never exceeding 1.5 lbs. per acre, according to Jones. 
At maturity, Oct. 8, over 71 per ct. of all the protein in the crop 
was stored in the ears, principally in and about the germs of the kernels, 

ready to carry on the vital functions whenever the grains might find 

lodgment in the soil and begin growth to form new corn plants. 
26. Fiber.—The stalk of corn must be strong and sturdy to carry the 

abundant foliage and especially the heavy ear—hence the increase in 

fiber, the woody framework of the plant, which was especially rapid till 
the skeleton of the plant was grown. 

27. Nitrogen-free extract.—The nitrogen-free extract, the most valu- 
able portion of the carbohydrates, made up of sugars, starch, and the 
other more soluble carbohydrates, increased more than 2.5 tons between 

tasseling and ripening. As is shown in the following, Ladd found that 
after the milk stage there was practically no increase of either glucose 

or sucrose, but a large storage of starch. 

Changes in glucose, sucrose, and starch of growing corn crop 
Glucose Sucrose Stare 

Stage of growth Lbs. Lbs. Lbs. 

Masseledite cals schacrtecs cues ARON aA RN 58 9 122 
Silkediar se! on Seis NS ae nt eres 300 NE 491 
rere oye ei, cts, Sauces iene Ue ae Paes Care 665 129 707 
Glazed te acta, oa soccer lesen 720 95 e330 
18581 ca ie eee Re G ORES carr, 0 fondo) Bi 538 149 = 2,853 
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The table shows that, altho sugars were being steadily formed in 
the leaves of the plant from tasseling to ripening, they were continuously 
being transferred to other parts, especially the swelling kernels of the 
ear. Here a large portion was changed to insoluble starch and com- 

pactly stored about the germs to serve as food for the future plantlets. 
Another portion of the sugars was changed into cellulose to form the 
woody framework of the plant structure. The elements of a third portion 
were combined with nitrates and other mineral matter from the soil to 
form the nitrogenous amids and proteins. It was because of such con- 
tinuous transference and change that the sugars showed no material 
increase. 

Up to the milk stage starch formed only a small part of the total 
nitrogen-free extract; after this it increased rapidly until by maturity 
nearly a ton and a half of starch had been formed. Ladd found that 
the other soluble carbohydrates, which increased up to the glazing stage, 
consisted chiefly of pentoses and the more soluble pentosans and cellu- 
loses. A study of the several tables shows most plainly the heavy losses 
of valuable nutrients which are sure to occur when a crop of Indian corn 
is harvested before it has fully ripened. 

In producing this acre of corn, probably not over 10 Ibs. of seed was 
placed in the ground in the spring time. From this insignificant begin- 
ning, by the following October, about 130 days later, the resultant plants 
had gathered inorganic matter—carbon dioxid from the air, and water, 

nitrogen, and mineral matter from the soil—and built all these, first 

into primary organic forms, and finally into complex organic parts of 
their structure. The product of such building amounted to over 11 tons 
of green or 4.7 tons of dry matter, all largely available for nourishing 
the animals of the farm and, thru them, man. This is a forceful illustra- 
tion of Nature’s wonderful processes of food production occurring all 
‘about us under the guiding mind of man. 

The reader who will thoroly familiarize himself with this study of the 
growing corn plant can readily extend his acquirement to all the other 
crops of the farm. Thus equipped he is in position to study the compo- 
sition of the bodies of farm animals and consider how they are built up 
and maintained by food derived from plants, as later presented. 



CHAPTER II 

COMPOSITION OF THE ANIMAL BODY—DIGESTION— 
METABOLISM 

I. COMPOSITION OF THE ANIMAL Bopy 

Division III of the preceding chapter sets forth the yield and compo- 

sition of an acre of Indian corn, thereby showing how the several 
nutrients of feeding stuffs are elaborated by the plants of the farm. 

We will next consider the nature and composition of the bodies of farm 
animals, which are built up and nourished by plants. 

28. The animal body.—The unit of the animal body is the protoplasmic 
life-holding cell, which, associated with myriads of others and modified 

in innumerable ways, makes up the body structure. Both the cell envelop 

and its contents are of nitrogenous material in most complex combination. 
In studying the higher animals we may regard their bodies as consist- 

ing of a bony skeleton of mineral character surrounded by an elaborate 
muscular system. Fatty tissue permeates the bones and muscles, filling 
in and rounding out the body form, and around all is the enveloping 
skin. Within the body cavity are the various special organs, such as the 
heart, stomach, ete., designed for dissolving, assorting, distributing, and 
utilizing the nutritive matters of the food and for conveying and dis- 
posing of the waste. All these organs are nitrogenous or protein in 
nature, as are also a part of the organic matter of the bones and a large 
portion of the nerves, which control and direct all body activities. We 

have seen that in plants the great structural material is cellulose, a 
carbohydrate, and that the common stored reserve material is starch, 

also a carbohydrate. In the animal body, however, while the glucose 

_in the blood and tissues and the glycogen in the liver and other organs 

perform important functions, these carbohydrates at no time form an 
appreciable part of the animal’s weight. (60) 

29. Composition of animal bodies.—To aid in a study of the compo- 
sition of the bodies of farm animals we have the following invaluable 
data gathered by Lawes and Gilbert! of the Rothamsted (England) 
Experiment Station, whose classic investigations stand as models in 
agricultural research. The first division of the table shows the compo- 
sition of the entire body (fasted weight) of the several animals, and the 

second part the composition of their carcasses. Store animals are those 
in thrifty condition, but not fat. 

Jour. Roy. Agr. Soc. Eng., 1898; U.S. Dept. Agr., Office Expt. Sta., Bul. 22. 
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Due to the fact that the gains during fattening are chiefly fat (122), the 
animals of each kind contain a higher percentage of protein and a much 
lower percentage of fat before being fattened. Thus while 14.8 per ct. 
of the body of the store sheep is protein and 18.7 per ct. fat, the extra- 
fat sheep contains 45.8 per ct. fat and only 10.9 per et. protein. The 
third column shows that in general the percentage of mineral matter, 
or ash, decreases as the animal fattens, because fatty tissue is low in ash. 

Due to the relatively light skeleton, the body of the pig in store condition 
contains but 2.67 per et. ash and only 1.65 per ct. when fat, the lowest 
of any of the farm animals. 

Composition of the entire bodies and carcasses of farm animals 

Contents of Mineral Total ee Band 
Description of animal Protein Fat matter | dry sub-| Water | S¢0™ach ani 

(ash) stance intestines in 
moist state 

Division I. Per cent in the entire animal (fasted live weight) 

PSUR SU Ook) seein cs 3 ede chats ashe 1oeZ | 1428) Se S0e aac) | 63.0 3.17 
SUR UH OX agg ater see sioss Waa 1LGEG) L9eT | 42665) 40%3) 1 55 8.19 
ITEWE OS'ce RN Rs Caen one ae cee 14.5 | 30.1 | 3.92 | 48.5 | 45.5 5.98 

LP), Mena o\aede ieee ee ae See UPA a3) | teh ay |) PA) ARS ZU ats} 8 .54 
NIEOIEISH CED Matior ons Nass urna oe AS |e Specie ey Gon |e Ola OMe 6 .00 
ialt-fatvold sheep... ....-.-... 1405) 23-5 eal ke A) | BOL 9.05 
TNEDIE (SLAB) aie ae eae a 12.2) | 85e6" | 2).80 |) 50.6 9 43)-4 6 .02 
Extra-fat sheep.............. 10.9 | 45.8 | 2.90 | 59.6 | 35.2 5.18 

SSHGTRD [OE st Ace eee sea are Be ee UBS 2s) PO Bey Gish ail 5 .22 
JOE, joe ay Seal eRe ee TOEOM 4222 oily Gorn od veel rales 3.97 

IA CEAC EC: Ole alle geet sc IBS || 23 |) Beil 44.9 | 49.0 6.13 

Division II. Per cent in carcass 

Exiga fern spect tes tie ete e GEO D LOGEC 4c 48 oitanineGe.s 
EPP AUG OX. ates hee Wave. te sdaee i 17.8 | 22.6 | 5.56 | 46.0 | 54.0 
DOR a fits fs te ALE 15.0 | 34.8 | 4.56 | 54.4 | 45.6 

fea hal stint oes fer arty < choca iS cea 10.9 | 36.9 | 3.63 | 51.4 | 48.6 
DUOLEISHECDE eas one eee ane 14.5 | 23.8 | 4.36 AP tM BC oe 
Half-fat old sheep............ 14.9 | 31.3 | 4.13 50.3 | 49.7 
UNGMUASLIVS) oe, 2 ak ena ce eee elon tone eoe4on | OOsse oO 
Extra-fat sheep.............. 9.1 HH | Bose 7/0) |) B33 0) 

Store pig......... She te 0, TA OMI 280 Ne 2a 4A eee oo.S 
RIO ie sae « scutacnaaeaue 3 10-5 449-5 | 1240) | (61247), 38-6 

Averace orally ye ie Ae 13.5 34.4 | 3.69 51.6 | 48.4 

The fourth and fifth columns, giving the percentages of total dry 

substance and water, show that in all but the extra-fat sheep and the 
fat pig, water is the largest single constituent of the body. For all the 
animals studied, on the average 49 lbs. in every 100 of the body weight, 
or nearly half, is water. This brings out strikingly the great importance 
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of water in the animal body. The percentage of water both in the entire 

body (Division I of table) and in the carcass (Division II) is higher in 
the fat calf than in the fat ox, and also higher in the fat lamb than in the 
fat sheep. All animals contain a higher percentage of water when lean 

than when fattened. 
30. Nitrogen and ash.—The following table shows the nitrogen and 

the principal ash constituents in the fasted live weight of the animals 
analyzed at Rothamsted, and also in milk and unwashed wool: 

Ash and nitrogen in 1000 lbs. of farm animals, nulk, and wnwashed wool 

Nitrogen Pbespnene Potash Lime Magnesia 

(N) (P205) (K2O) (CaO) (MgO) 

Lbs Lbs Lbs. Lbs Lbs. 

Matacic: Sesser teat 5 ee 24 .64 535 2.06 16 .46 0.79 
Elet tate GeO xe ee ieee 27.45 18 .39 ZEOD A aL 0.85 

Wait OXeee ee ve neers nae 23 .26 115) Say 1-76 17 .92 0.61 
(Harty anny eeenen a saat seen 19.71 11.26 1.66 12.81 0.52 
LOPE SHEED ve sare ences aoe 23.77 11.88 1.74 13 .21 0.56 
Hat SHeC Pe 54S iccta ee 19.76 10.40 1.48 11.84 0.48 
SCORCH ODIO anes ane oe ets ee 22 .08 10.66 1.96 10.79 0.53 
Wa tiple. tes nate tae Iireateys: 6.54 1.38 6.36 0.32 
1% Wp etek eee Metre eal tae WS 5.76 2.00 1.70 1.70 0.20 
Unwashed wool......... 54 .00 0.70 56 .20 1.80 0.40 

The table shows that the nitrogen in each 1000 lbs. (fasted live weight) 

of the bodies of farm animals varies from about 17 to 27 lbs., being 
least in the fat pig and greatest in the half-fat ox. Lime, the largest 
mineral constituent of the bones, ranges from about 6 lbs. per 1000 lbs. 

of carcass in the fat pig to over 21 lbs. in the ox. Phosphoric acid 
almost equals lime in quantity, while potash runs only from 1 to 2 lbs. 
per 1000 lbs. of animal, and magnesia still less. Soda, silica, iron, ete., 

are found in small quantities. 
31. Plants and animals compared.—One of the fundamental differences 

between plants and animals is that in plants the walls of the cells of 
which they are composed are of carbohydrate material, while in animals 
the walls of the body cells are of protein substances. Thus plants are 
on a carbon and animals on a nitrogen foundation. The higher plants 
are nourished by inorganic matter, while animals live upon both organic 
and inorganic substances, principally the former. Plants absorb thru 

their leaves great quantities of carbonic acid gas, composed of carbon 

and oxygen, retaining the carbon and giving off the oxygen as waste. 

Animals take free oxygen thru their lungs and combine it with carbon 
to form earbonie acid gas, which is thrown off as waste in the breath. 

Thus the two great classes of living objects are interdependent. 
In the animal body the organie material derived from plants may be 

built into still other highly organized compounds, usually protein in 

character. Thus built, matter has reached its last high stage of organized 

existence, and its fall or descent soon oceurs. In the daily waste of the 
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body or upon the withdrawal of life, this highly endowed organic matter 
is broken down into inorganic compounds, to begin again the eternal 
round of Nature. 

II. Digestion 

32. Digestion.—The changes which food undergoes within the digestive 
tract of the animal to prepare it for absorption and ultimate use in build- 
ing new tissues, repairing body waste, and as a source of energy are 

collectively known as digestion. Digestion is effected by enzymes, or 
ferments, elaborated by glands of the mouth, stomach, pancreas, and 

small intestines, and by the bile, secreted in the liver. Bacteria inhabit- 

ing certain parts of the digestive tract attack the woody cellulose of the 

food, breaking it down and thereby freeing nutrients. In addition to 
the action of the secretions and bacteria, the food in its course thru the 

digestive tract is subjected to mechanical processes which tend to reduce 
it to a fine state of division, the object of the whole process being to 
separate from the useless matter those constituents which are to nourish 
the body. 

33. Nutrients.—The term nutrient is applied to any food constituent, 
or group of food constituents, of the same general chemical composition, 
that may aid in the support of animal life. Crude protein, the ear- 
bohydrates, and fat constitute the generally recognized primary classes 

of nutrients, altho air, water, and mineral matter might likewise be 
so termed. 

The term digestible nutrient covers that portion of each nutrient which 
is digested and taken into the body, as determined by digestion trials 
with various mature animals. (66) 

34, Concerning rations—On the farm a ration is the feed allowed or 
set apart to maintain a given animal during a day of 24 hours, whether 
all thereof is administered or fed at one time or in portions at different 
times. 
A balanced ration is the feed or combination of feeds furnishing the 

several nutrients—crude protein, carbohydrates, and fat—in such pro- 
portion and amount as will properly and without excess of any nutrient 
nourish a given animal for 24 hours. 
A maintenance ration is one that furnishes enough, but no more, of 

each and all of the several nutrients than is required to maintain a given 
resting animal, so that it will neither gain nor lose in weight. 

35. The alimentary tract.—The digestive tract is a long, tortuous tube 
passing thru the animal from mouth to vent, enlarged in places for the 
storage of food or waste. Within its linings are secretory organs fur- 
nishing various fluids of digestion, and into it, from other specific secre- 

tory organs located near by, pour still other digestive fluids. Within its 
walls are nerves controlling its action, arteries which nourish it with 
fresh blood, and veins and lymphatics which absorb and earry from its 
interior the products of digestion, as well as water, mineral matter, and 
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gases. It should be borne in mind that the contents of the stomach and 
intestines are really outside the body proper. Only when a substance has 

passed into or thru the walls of the digestive tract has it actually entered 
the body of the animal. 

Ruminants (animals which chew the cud), including the ox, sheep, 
and goat, have much more complicated digestive tracts than other 
animals. In the horse and pig the gullet is a simple muscular tube 
passing from the mouth to the stomach. On the other hand, in ruminants 
the gullet is expanded just before the true stomach, or abomasum, is 
reached into 3 compartments of great aggregate capacity, the first of 
which is the paunch, or rumen; the second, the honeycomb, or reticulum; 

and the third, the manyplies, or omasum. Of the 4 stomachs the paunch 
is by far the largest. 

The length and capacity of the intestines and the capacity of the 
stomachs of different mature farm animals are shown in the following 
table. Obviously these values will vary widely, depending on the size 
of the animal. 

Capacity of stomach and capacity and length of intestines of farm animals 

Capacity of Average Capacity of Average 
Animal stomachand | length of Animal stomach and length of 

intestines intestines intestines intestines 

Quarts Feet igure Feet 

Horse Ox 
Stomach*..... 19.0 Na All 4 stomachs. . 266 .9 are 
Small intestine . 67 .4 73.6 Small intestine. 69.7 150.9 
Large intestine.| 137.4 24.5 Large intestine. 40.1 36.3 

totale ee 22380 98.1 ‘Rota lense 376.7 187 .2 

Sheep Hog 
Rumen........ 24.7 eee Stomach....... S25 cane 
Reticulum..... Dealt Small intestine. 9.7 60.0 
Manyplies..... 1.0 Large intestine. 10.8 alyesal 
Abomasum.... aq) Se 

Total........ 29.0 Ulett 
All 4 stomachs. 313 

Small intestine. 9.5 85.9 
Large intestine. 5.9 21.4 

‘Rotalictee gee 46.7 107.3 

* Chauveau, Comparative Anatomy of the Domestic Animals, places the capacity at 3 to 3.5 gallons. 

While the stomach of the horse holds only 19.0 qts., the 4 stomachs of 

the ox have a capacity of 266 qts., or 14 times as much. On the other 
hand, the large caecum, or blind gut, of the horse, a part of the large 
intestine, gives the large intestine a capacity of 137.4 qts., compared with 
40.1 qts. for the ox. 

In young ruminants the first 3 stomachs are less developed than in 
mature animals. Colin found that the first stomach, or the paunch, of a 
ealf held 2.6 lbs. of water; the honeycomb 0.22 lb.; the purse 0.35 lb. ; and 
the true stomach 7.7 lbs. As the diet of the growing calf changes to more 
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solid food, such as grass, hay, and grains, the rumen, or paunch, gradually 
increases in size, until in the grown ox it holds 4 times as much as the 
other 3 stomachs combined. 

The alimentary tract of the sheep is similar in structure to that of 

the ox. The hog has neither the 4 stomachs of the ruminant nor the 
large caecum of the horse, and is hence not fitted to consume large 
amounts of roughage. 

36. Mastication—In the mouth of the animal food is crushed and 
ground by the teeth and at the same time is moistened by the alkaline, 
somewhat slimy saliva, moist and slippery masses being formed which 
pass readily thru the gullet into the stomach. Mingling saliva with the 
food during mastication, or chewing, aids the sense of taste by dissolving 
small amounts of food which affect the nerve ends of the tongue. Colin? 
found that a horse fed on hay secreted 11 to 13 lbs. of saliva per hour. 
Oats require a little more than their own weight, green fodders half, 

and dry fodders 4 times their weight of saliva during mastication. If 
the ration for a horse amounts to 11 lbs. of hay and 11 lbs. of other dry 
fodder, this will require 4 times its weight of saliva, or 88 lbs., to which 
must be added 4.4 lbs. secreted during rest, making 92.4 lbs. in all. 

Ruminants while eating chew their food only enough to moisten it, if 
dry, and form it into masses of suitable size to be swallowed. When 
hunger is satisfied they seek a quiet place, if possible, and proceed to 
return the food in ‘‘euds’’ to the mouth, chewing each thoroly before 
reswallowing. The gullet of ruminants opens into the first 3 stomachs 
thru a sht (called the esophageal groove), which has an exceedingly 
important function in the process of rumination. When the ox swallows 
the masses of solid food, which are so large as to distend the gullet, on 
coming to the slit they are pressed out, just as would be the case if one 
tried to force thru a rubber tube with a slit an object which fitted it tight- 
ly. These masses of food are usually pushed into the paunch until it is 
full, and then into the honeycomb instead. 

When the animal ruminates, or ‘‘chews the eud,’’ the food is forced 
back to the mouth in masses, or ‘‘cuds,’’ thru the same slit by contrac- 
tions of the muscular paunch, the honeycomb, and of the gullet itself. The 
ox chews each cud of about 4 ounces for a little less than a minute, 
adding saliva until the finely divided material becomes more or less soup- 
like. On being reswallowed, this finely divided material usually flows 
along the gullet past the slit, and directly into the third stomach, from 
which it passes into the fourth or true stomach. Water or liquid food 
may not be forced thru the slit into the paunch but may pass at once 
to the third stomach. 

Animals do not ruminate during sleep, while working, when excited, 
orifin pain. The fact that the ox requires 7 to 8 hours daily for rumina- 

tion handicaps him somewhat as a work animal, for if his hours of work 
are long he must dispense with sleep to masticate his food. 

*Smith, Physiol. Dom. Anim., p. 286. 
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37. The saliva.—In addition to preparing the food for swallowing, 

with most animals the saliva performs a highly important digestive 
function thru the enzyme, called ptyalin, which it contains. 

Enzymes are mysterious organic compounds which are able to change 

or break down other organic compounds without themselves being broken 

down. 
38. Ptyalin.—The first enzyme of digestion, ptyalin, converts the insol- 

uble starches of food into malt sugar. The proteins and fats of food 
are not changed by the action of the saliva. 

Since most of the changes which food substances undergo during 
digestion are effected thru enzymes, their general nature should be under- 

stood by the student, and ptyalin action serves as an example. If a 

quantity of starch is treated with saliva and the whole kept at body 
temperature, the starch so treated will gradually dissolve, and after a 

time malt sugar will be found in its stead. The complex starch molecule 
has been cleaved or split into simpler ones by the action of the ptyalin. 

The enzyme causing this change is itself not altered in character or 
function, however, or seemingly exhausted in energy thereby, but is 

still capable of changing more starch into sugar. So far as known, there 
is no limit to the amount of sugar which a given quantity of ptyalin 

vill produce if the supply of starch is maintained and the resultant 
sugar is continuously removed from the solution. If the saliva is heated 
above 176° F., it will no longer possess this power. At the temperature 

of ice water its action ceases, altho the enzyme is not destroyed, for on 
warming it becomes active again. Acids destroy ptyalin if added much 
beyond the point of neutrality. Each of the several enzymes of digestion 
is capable of acting on only one of the groups of nutritive substances— 
on either proteins, carbohydrates, or fats. Some act only in the presence 

of acids, and others only in neutral or faintly alkaline solutions. Recent 

investigations’ show that the saliva of some animals contains little or 
no ptyalin. The saliva of man, monkeys, rabbits, rats, and mice has the 

greatest starch digesting power and that of swine contains a fair amount 
of ptyalin, while the saliva of horses contains but a small quantity and 
that of dogs and oxen little or none. 

39. Digestion in the simple stomach.—With such animals as the horse 
and pig, which have simple stomachs, the food passes directly from the 
mouth, where it remains but a comparatively short time, thru the gullet 
to the single stomach. There it is acted on by the gastric juice, which 
consists of water containing the enzymes, pepsin and rennin, and from 

0.2 to 0.5 per ct. of hydrochloric acid. 
Pepsin, which acts only in weak acid solutions, converts the very com- 

plex proteins into soluble and simpler, tho still complex, products known 
as proteoses and peptones. Proteoses and peptones are soluble nitroge- 
nous compounds, simpler than the proteins from which they originate. 
They are the result of the partial cleavage of proteins with the addition 

of water. 

’QOppenheimer, Handb. der Biochem., 1910, III, Part II, p. 38. 
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Rennin is the enzyme which curdles milk. The membranous lining 
of the stomachs of calves yields the rennet of commerce, which contains 
this enzyme. One part of rennin will coagulate 400,000 parts of milk. 

This enzyme is an interesting provision of nature for changing milk into 
a solid form so the animal may get the full value from it. Altho liquid, 
milk is not in condition to be taken directly into the animal system, but, 

like solid foods, must first undergo digestion. Milk being liquid, the 
stomach would naturally pass it quickly on to the small intestine, but if 
this occurred it would not be sufficiently acted on by the pepsin. Rennin 
quickly converts the milk into a solid curd which is easily retained by 
the stomach until dissolved by the action of the digestive juice. 

Acid destroys the power of ptyalin to convert starch into sugar. The 
construction of the stomach, however, is such that the action of ptyalin 

on the food after it reaches that organ, following mastication, is not too 
promptly checked. The first portion of the stomach, into which the gullet 
directly leads, secretes pepsin but no acid. The action of ptyalin on 
the starches of the foods continues, therefore, in this part of the stomach. 
The intestinal or rear end of the stomach, on the other hand, secretes 
little pepsin but much hydrochloric acid. Here the conversion of the 
starches into malt sugar by the ptyalin ceases, and pepsin digestion 
becomes active. Only the preliminary steps of digestion are accomplished 
in the stomach, and relatively little absorption of the digested nutrients 
takes place from it. Sugars may be absorbed to some extent, but the 
proteoses and peptones produced from the breaking up of protein, and 
also the fats, are mostly carried into the small intestine along with the 
other matter. 

Soon after the food reaches the stomach that organ begins a series of 
orderly movements for the delivery of its contents into the small intes- 
tine. In this delivery the stomach contracts at the middle region, and 
the wave of contraction proceeds slowly and regularly toward the intes- 
tinal end, one wave following another. When digestion has progressed 
to some extent, every time the contraction reaches the rear end of the 
stomach, the ring of muscles which keeps the stomach shut off from the 
small intestine relaxes and allows a small quantity of the semi-liquid 
contents of the stomach to spurt thru into the intestine. After this the 
ring of muscles again contracts, thereby closing the entrance. The 
stomach in turn slowly relaxes, and after a certain length of time, vary- 
ing in different animals, the process is repeated. By this means the 
fluid portions of the contents of the stomach are squeezed out and carried 
into the small intestine, while the more solid portions remain behind 
for further action by the gastric juice. In animals with a simple stomach 
little or no churning or mixing of the food is produced by the movements 

of the stomach. The contents are simply pushed gradually toward the 
intestinal end of the stomach by the waves of muscular contraction. 

40. Digestion of ruminants.—The first 3 stomachs of ruminants are 
important organs of digestion, although they secrete no enzymes, but 
only water. The nutritive substances within the cells of plants are 
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enclosed within the cellulose cell walls. Where the cell walls are formed 
of hard, thickened cellulose, the nutritive substances within are not 

readily reached and attacked by the fluids of digestion. As stated before, 
when solid food is first swallowed it passes chiefly into the paunch. Here 

it is softened by the moisture, slowly but thoroly mixed by muscular 
contractions, and even macerated by being ground against the rough 

lining. 
In the first stomachs, especially in the paunch, the fermentation of 

cellulose by bacteria takes place, the walls of the cells being thereby 

more or less broken down and their contents set free, thus becoming 

available for digestion. In this fermentation gases are given off, which 
are ordinarily absorbed into the blood and carried away. When fresh, 
easily fermented forage, such as green clover or alfalfa, is eaten, gases 

may be evolved so rapidly that the blood circulation cannot take them 
up as fast as formed, and ‘‘hoven,’’ or ‘‘bloat,’’ results. No enzymes 

of the digestive tract are able to digest the pentosans, which are present 
in considerable amount in roughages and other feeds high in fiber. (9) 
Like cellulose, however, these compounds are digested by the bacteria in 

the paunch and thus serve as nutrients. Not only are the fiber and 
pentosans broken down, but when the food contains sugars these also 
are sometimes attacked by bacteria in the paunch, which action is detri- 
mental, for in such cleavage, or breaking down, a considerable percentage 

of their energy is lost as heat and gas. (84) The fact that only a 
small amount of ptyalin is present in the saliva of the ox and sheep, or 
that it is entirely absent, as is claimed by some, is thus advantageous. 
If their saliva easily converted starch into sugar, a large amount of sugar 

would be formed in the paunch, which would then in turn be attacked 
by bacteria, with much resultant loss of nutriment. Besides the diges- 
tion in the paunch caused by bacteria, more or less is also undoubtedly 

effected by the enzymes which are contained in some foods, such as the 
cereal grains, for the moisture and warmth of the paunch are favorable 
to enzyme action in general. 

After rumination the reswallowed food passes chiefly into the many- 
plies, or third stomach, where it is further ground between the muscular 

folds before being forced into the fourth, or true stomach. In the 
latter the digestive processes are similar to those in the simple stomach, 

as previously described. 
41, The small intestine—In the small intestine the work of digestion 

proceeds even more vigorously than in the stomach. All classes of 
nutrients are attacked by the fluids it holds, and in it the digestive 
processes come to a close. The contents of the stomach, when received 
into the small intestine, consist of a semi-liquid mixture of undigested 
proteins, partially digested nutrients—proteoses and peptones, fats, 
sugars, starches, and celluloses—and waste matter. The small intestine 
receives digestive fluids from 2 outside organs, the liver and the pancreas, 
whose functions in nutrition are of the highest importance, and the food 

is also mixed with a secretion containing several enzymes which are pro- 
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duced by the intestine itself. Immediately on entering the small intestine 
the inpouring material is changed from an acid to an alkaline character 
thru rapid addition of the bile and pancreatic juice, both alkaline. 

42. The pancreas.——The pancreas, or sweetbread, is a slender gland 

lying just beyond the stomach and connected with the small intestine by 
a duct. Its secretion, the pancreatic jwice, varies in different animals, 
being thin, clear, and watery in some, and thick, viscous, and slimy in 

others. The pancreatic juice contains 3 enzymes—trypsin, amylase, and 
lipase. 

Trypsin is an enzyme which, like pepsin, converts protein into pro- 

teoses and peptones. It has the power of further cleaving these 2 

partially digested substances into amino acids, which constitute the ulti- 
mate useful nutrients which come from the cleavage of all the proteins 
of food stuffs thru digestion. The digestion of protein goes on much more 

thoroly in the small intestine under the influence of trypsin than it does 
in the stomach with pepsin. It is most interesting that trypsin is secreted 
by the pancreas in an inactive form, which will not digest protein. As 
soon as the pancreatic juice comes in contact with the intestinai wall, 
intestinal juice is produced, which contains a substance that changes 
the trypsin into the active digesting form. 

Amylase, formerly called amylopsin, is a pancreatic enzyme which 
converts starch into glucose-like sugars. 

Iipase, formerly called steapsin, is a pancreatic enzyme which splits 
fats into fatty acids and glycerin. 

Ordinarily, when digestion is not going on there is no secretion by 

the pancreas. It has been found that if the mucous lining of the first 
part of the small intestine is treated with dilute hydrochloric acid, the 
pancreas at once pours out its secretion. It will be remembered that the 
contents of the stomach, at the time of their ejection from that organ 
into the small intestine, are strongly acid because of the hydrochloric acid 
of the gastric juice. This acid when it pours into the small intestine, 
acting on the lining of the latter, produces something which, when 
absorbed into the blood, calls forth the pancreatic secretion just when 

needed—a forceful illustration of how all the organs of the complicated 
digestive tract work in harmony. 

43. The liver.—The liver, the largest organ in the body, has numerous 

duties in the digestion and metabolism of nutrients. While some of its 
functions will be dealt with in a later chapter, attention is here directed 

to its function in the digestion and absorption of the fats of foods. 
Bile, the product of the liver, is a clear, greenish or golden colored 

fluid, alkaline in reaction, and extremely bitter in taste. The bile fur- 
nishes the alkalies which are necessary for the conversion of the fats of 

the food into soaps, that is, for changing them from an unabsorbable into 

a water-soluble and readily absorbable condition. It is of such nature 
that it readily forms an emulsion with fats, and in this form the latter 
present a very large surface for the action of the lipase of the pan- 
ereatic juice. The process of the decomposition of the fats into fatty 
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acids and glycerin is greatly hastened by this means. In the presence 
of bile the fatty acids take on alkali and form soaps, which are soluble 
in water and can be absorbed into the walls of the intestine. After 

performing this important function the bile is not wholly excreted with 
the contents of the intestine, but is in part taken up by the circulation 
and again utilized. According to Colin, the liver of the horse secretes 
over 13 lbs., of the ox 5.7 lbs., and of the sheep 0.75 lb. of bile during 

each 24 hours. 
44, The intestinal secretion.—The digestive fluid secreted by the mucous 

membrane of the small intestine contains several enzymes, the most 

important of which are erepsin and the invertases. 
Erepsin is an enzyme of great digesting power which attacks and still 

further splits or cleaves those proteoses and peptones which have escaped 
such action by trypsin, likewise converting them into amino acids, the 
ultimate digestion products of the proteins. 

The invertases, sucrase, maltase, and lactase, are enzymes which con- 

vert cane-, malt-, and milk-sugars into the more simple glucose-like sugars. 
Thus into the small intestine are poured the complex bile; the 3 diges- 

tive enzymes from the pancreas—trypsin, amylase, and lipase; and 
finally erepsin and the invertases from its own walls. Water is also 
freely poured into the small intestine from its walls. 

While in the small intestine, the food, which has been masticated in 
the mouth and partially digested in the stomach, is acted on by all the 
various fluids above described. That part of the food which thus far 
has escaped digestion is now vigorously and variously attacked, so that 
under ordinary conditions little that is useful is lost. The larger portion 
of all the digested material is absorbed from the intestine into its walls, 
and thus enters the body proper, as will be shown in the next chapter. 

45. The large intestine—The large intestine receives the contents of 
the small intestine after the latter organ has ceased further effort at 
digestion. These contents consist of undigested matter, bits of indigest- 
ible substances of all kinds taken in with the food, bile salts which have 

escaped resorption, water, mineral salts, and fragments of the mucous 
lining of the small intestine. Mixed with these are some of the digestive 
juices of the small intestine. The large intestine elaborates little, if any, 
digestive fluid, but its walls contribute water and certain ‘metabolic waste 
products, especially certain inorganic salts common to the tract. It is 
possible that some digestion may occur in the large intestine owing to 
traces of digestive enzymes coming from the small intestine, but such 
digestion is insignificant in amount. There is a constant interchange 
of water between the contents of the large intestine and the blood cireu- 

lation, which results in the absorption of any soluble products, nutritive 
or otherwise, which may be formed in the large intestine euler by diges- 
tion or bacterial action. 

46. Special provision for the horse—The horse, tho eating coarse food 
like the ox, has a small stomach and no paunch for specially preparing 
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such food for digestion. In partial compensation it has a large caecum, 
or blind gut, which is a greatly enlarged portion of the alimentary tract, 
linking the small and large intestine. Into the caecum is passed much 
of the undigested matter, together with the enzymes of the small intestine. 

Here the digestive processes of the small intestine are prolonged, thus 
making up for his small stomach and lack of a paunch. The caecum of 
other farm animals is small and unimportant in digestion. 

47. Digestion of fat.—Since the steps by which the food is prepared 
thru digestion for final use by the body are so numerous and complicated, 

it is well to now review the subject, dealing with the nutrients and what 

occurs with them, rather than considering the organs and solvents 
employed. 

As has been stated, the fats of foods, no matter how finely divided, 
cannot directly enter the circulation, but must be changed in the follow- 
ing manner: One of the enzymes produced by the pancreas is the fat- 
splitting lipase, which breaks some of the fats in the food into glycerin 
and fatty acids. The bile is largely made up of alkaline salts, and with 
these the fatty acids react and form soaps. These soaps in turn form an 
emulsion with the unchanged fats, the emulsified fats presenting a large 
surface on which the lipase may act. Thus, it is believed that the fat 
which is finally absorbed is split into glycerin and fatty acids, the latter 
and the alkali of the bile forming soaps. These soaps and the glycerin 
are absorbed by the intestinal wall, in the cells of which they are reunited 
into fats and are contributed as such to the circulation. Some authorities 
hold, however, that a part of the fatty acids and glycerin formed by the 
splitting of neutral fats by lipase may be absorbed as such, without 
being first changed to soaps. 

48. Carbohydrate digestion.—The digestion of either starch or sugars 
(other than those of glucose-like form) consists in converting them into 
glucose or glucose-like sugars, which are the only forms of carbohydrates 
that can be used in the body. Since the carbohydrates constitute a large 
portion of the food of animals, nature provides for their digestion in 
several parts of the alimentary tract. Carbohydrate digestion begins 
with the action of ptyalin on the starches of foods in the mouth, whereby 

they are converted into maltose. Ptyalin action continues in the first 
portion of the stomach, but ceases in the latter part of that organ. Sugars 
of glucose form may be absorbed from the stomach. Even the compound 
cane-, malt-, and milk-sugars may without change be absorbed from the 
alimentary canal in small amounts. If these compound sugars remain 
in the digestive tract an appreciable time, as usually happens, they are 
changed to glucose and glucose-like sugars. Thus most of the carbohy- 

drates are absorbed from the alimentary tract in the form of glucose. 
Nearly all the carbohydrates are carried on from the stomach into the 
small intestine, which is the principal organ concerned in their final 

digestion. Here the starches which have escaped digestion in the mouth 
and stomach are acted upon by amylase, and the compound cane-, malt-, 



26 FEEDS AND FEEDING 

and milk-sugars are converted by the invertases into simpler glucose-like 

sugars. 
When a human eats bread, or an animal consumes hay or corn, the 

starch of such food must all be changed to sugars before it can enter 

the body proper. With trifling exceptions all compound sugars are 
converted into glucose-like sugars. It is even held that milk sugar has 
no food value with birds, because their digestive tract provides no enzyme 
for breaking it up into glucose-like sugars which may be absorbed. 

In the digestive tract no enzyme has been found which acts on cellulose 

or on the pentosans. Bacteria inhabiting the alimentary canal, however, 

attack these substances, especially in the paunch of ruminants and the 

caecum of the horse. Among the products of such bacterial decomposi- 
tion are organic compounds, such as acetic and lactic acid, besides gases— 
marsh gas, carbon dioxid, and hydrogen. While these gases are of no 

value to the animal, there is little doubt that the other cleavage products 
are absorbed from the digestive tract and serve as nutrients. Smith* 

suggests that cellulose digestion may be brought about by ferments con- 

tained in the food itself. When artificially digested with strong sulphuric 
acid, cellulose is converted into a gummy product and finally into glucose. 
Because the goat and the ox can subsist for long periods on coarse straw, 

which consists largely of cellulose and pentosans, it is reasonable to hold 
that these substances have considerable nutritive value, tho the manner 

of their digestion is not yet fully understood. 
49, Protein digestion—In the process of digestion the protein com- 

pounds in the food are attacked first by pepsin in the stomach, and later 

by trypsin and erepsin in the small intestine. The action of these enzymes 
is to cleave the very complex protein molecules into simpler ones, during 

which process the split molecules take up water and become soluble. Pro- 
teoses and peptones are products of the cleavage of proteins, an example 
of which may be seen in the following experiment: If a fragment of the 

white part of a hard-boiled egg, which is a protein substance, is placed 

in a dish with dilute hydrochloric acid, a little pepsin added, and the 
whole kept at body temperature, in a short time the edges of the opaque 
egg mass will become swollen and transparent, the change gradually 
extending thru the whole fragment. After a time the mass will have 
entirely disappeared, and in its stead there will remain a clear solution. 
If this peptone solution is evaporated to dryness there will be left a 
yellowish, transparent mass resembling the dried white of an unboiled 
egg. This dry digested material, now a mixture of proteoses and pep- 
tones, is soluble in water the same as the white of egg; but if dissolved 
in water it will not solidify on heating, as does ordinary white of egg. 

This shows that the substance has been changed to something other than 
the protein, which coagulates or solidifies on heating. These pro- 

teoses and peptones have resulted from the cleavage or splitting of the 
very complex egg protein into simpler molecules, which upon such cleay- 

age have taken up chemically a large amount of water and become sol- 

4Manual of Vet. Physiol., 1908. 
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uble. When a piece of lean meat or hard-boiled egg is taken into the 
human stomach, the pepsin, acting in the presence of hydrochloric acid, 

gradually dissolves such meat or egg, changing it to soluble peptones and 

proteoses. If it escapes solution in the stomach, it is usually dissolved 
later in the small intestine. 

The soluble proteoses and peptones are not yet in suitable form for 

use in the body of the animal, and so are not absorbed, but are retained 

in the small intestine until they have undergone further enzyme action. 

This is effected by trypsin, which can not only attack protein directly and 

convert it into proteoses and peptones, as does pepsin in the stomach, 
but can also attack the peptones and proteoses and cleave them further. 
Erepsin, an enzyme of the small intestine, is of powerful action. It 
attacks nitrogenous substances after they have become proteoses and 

peptones. By the action of these last 2 enzymes the proteoses and 

peptones have their molecules further cleaved into simpler but still com- 
plex molecules, water being again taken up as in the first cleavage. The 
simplest products of such cleavage of the proteins of food substances are 
the amino acids. 

The amino acids are the common final nitrogenous nutritive materials 

of the digestive tract, resulting from the cleavage of the complex mole- 
cules of the food proteins. They are soluble in the juices of the small 
intestine and are ready for transference thru the intestinal walls into the 

body proper. These acids are still relatively complex in structure, but 
are much simpler than the proteoses and peptones from which they are 

derived. The amino acids, derived from the nitrogenous portion of foods, 
constitute the great primary nitrogenous building material out of which 

the protein tissues of the animal body are built. So far as known, protein 
compounds taken as food cannot be broken apart further than into amino 
acids and remain useful in body building. 

50. Tissue building.—The process of protein digestion is the breaking 

down of complex nitrogenous bodies into simpler ones. A good picture 

of what takes place can be had by likening the protein molecule to a 
house being taken down by a builder in order that he may construct 

another from the materials. An animal eating protein compounds cannot 
use the protein molecules in the form in which the plant has built them 
up into its own substance, but must first take them apart to a greater or 

less extent, and from the parts reconstruct another kind of protein mole- 
cule suitable for its own use. In other words, its protein molecules must 
have a different architecture from those of the plants which serve as its 
food. The proteoses and peptones may be likened to the roof and walls 

of the house. These walls and the roof can be broken down into bricks 
and tiles, which are represented by the amino acids; and from these 

the animal, beginning anew, can construct new proteins of the specific 
architecture its body may require. 

51. Bacteria—In the stomach bacteria find unfavorable conditions 
for growth because of the free acid of the gastric juice, and in the 
small intestine the presence of bile rapidly causes the death of bacteria. 



28 FEEDS AND FEEDING 

Consequently bacteria play little or no part in digestion in either the 
acid stomach or the alkaline small intestine. They do act, however, on 

the woody fiber or cellulose, and in some eases on soluble carbohydrates, 
in the first three stomachs of ruminants and in the caecum of the horse. 
In the large intestine there develops a profuse bacterial growth of various 
forms which thrive in the absence of air. The presence of more or 

less undigested food, together with moisture, warmth, and the faint 

alkaline reaction, furnishes ideal conditions for bacterial growth. Some 
cellulose is decomposed by the bacteria with the liberation of carbon 
dioxid, marsh gas, and hydrogen. Sulfureted hydrogen is also produced 
thru putrefaction of protein substances. Some nitrogen is found, but 
this has its source in the air taken in with the food. Much of the gas 
is doubtless absorbed into the circulation and eliminated from the lungs. 
Products other than gas which are mostly toxie or poisonous to the 
animal result in small quantity from bacterial growth in the large intes- 
tine. To these substances the odor of the feces is largely due. If the 
functions of the bowels are impaired, the contents may remain for an 

undue length of time, in which case excessive putrefaction may cause 
the animal to suffer from poisoning due to the absorption of the products 
formed. 

52. Feces.—The solid excrement, or dung, of farm animals is that 
waste which finally escapes from the large intestine, the solids of which, 

for the most part, have never been within the body proper. It is com- 

posed principally of cellulose, or woody fiber, from the undigested por- 
tions of straw, hay, and grasses; and also of seeds, grains, or parts of 

the food that have escaped proper mastication and digestion. Matter 
not properly food, such as hair and dirt of various kinds taken into the 
alimentary tract, escapes thru this exit. Finally there are cast away 

traces of bile salts and some mucus from the lining of the intestines, 
together with much water. 

53. Amid digestion.—The nitrogenous bodies of plants which are known 
collectively as ‘‘amids’’ are, as before stated, simpler nitrogenous com- 
pounds than proteins. They are either on their way to be built into 

proteins, or result from the cleavage of proteins in the plant for the 

purposes of transportation, or are formed in the partial breaking down 
and decay of protein. Very little is actually known of their chemical 

nature, but they are. probably similar in character, in many instances 

at least, to certain intermediary products of digestion in the animal body. 
Since amids may result from enzyme action in the plant, their digestion 
in the animal may be looked upon as similar to that of proteins. 

54. Mineral matter.—So far as known, the mineral matter, or ash, in 
foods is absorbed principally from the small intestine and is usually un- 
changed in chemical composition. Changes which oceur in the different 
inorganic salts, or mineral matter, are entirely due to such chemical 

reactions as would have taken place outside the intestine under the same 
conditions. Insoluble mineral matter in food may become soluble because 
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of the hydrochloric acid in the gastric juice of the stomach, but this is 
hardly to be regarded as digestion. 

55. The work of the digestive glands.—The brilliant studies of the Rus- 
sian physiologist, Pawlow,° and his associates, followed by others along 
similar lines, have thrown much lght upon the subjects of digestion, 
appetite, and palatability. In order to study the processes of digestion, 
operations such as the following were performed on many dogs: (1) 
The ducts, or tubes, which deliver the saliva into the mouth were cut, 
turned outward, and healed into the cut edges of the skin, so that when 

saliva was secreted it poured out thru the opening and could be caught 

in glass tubes attached to the dog’s head. (2) The gullet, which carries 
food from the mouth to the stomach, was cut across, led outward, and 

healed in the skin at the throat, so that when food was swallowed it 

would pass out at the severed end and fall back into the dish out of which 
he was feeding. Food so eaten was called a ‘‘false meal.’’ In many cases 
a dog with a gullet thus severed would chew and swallow the ‘‘false 
meal’’ again and again with apparent satisfaction. (3) An opening was 
made thru the side of a dog and into his stomach. On the healing of the 
stomach wall with the cut in the skin, the investigator was enabled to 
pass food directly into the stomach and study the processes of digestion 
occurring within that organ. (4) A portion of the stomach was con- 
stricted and made into a small separate chamber, which likewise opened 
out thru the side of the dog. Here the flow of juices could be studied 
independent of admixture with food placed in the other portion of the 
stomach. (5) The small intestine was drawn to the side of the dog, and 
an opening made in it the same as in the stomach. (6) The pancreatic 
duct was cut and led outward, so that its secretion could likewise be 
studied. The animals usually yielded readily to the operations and lived 

comfortable lives, so that the results were normal. 

It was found that the sight, smell, or taste of food not only started 
the flow of saliva in the mouth, but the gastric juices also began to pour 
from the walls of the stomach in about 5 minutes even when there was 
no food in that organ. The gastric secretions which are brought forth 
by the sight, taste, or smell of food are designated by Pawlow as ‘‘ psychic 
secretions.’’ For example, when a dog was given a false meal, and the 
swallowed food fell out of the fistula, or opening, in the throat and back 
into the dish out of which the dog was eating, the stomach would never- 
theless pour forth its fluids (psychie secretions), as tho the food had 
reached it. The more eagerly the dog ate his false meal the greater was 

the amount of gastric secretions, and the richer they were in both acid 
and pepsin. The gastric secretions were strongest and most copious with 
that food which was liked best, and food given in small portions called 
forth stronger juices than when the whole ration was given at one time. 

These psychic secretions do not last long enough to explain the long 
continued secretion of gastric juice when a normal meal is eaten. 

°*The Work of the Digestive Glands. 
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In studying other causes which might produce the secretion, it was 
found that no flow could be started by such mechanical stimulation as 

passing a feather or a glass rod over the mucous membrane of the stom- 
ach. Water caused a moderate flow of gastric juice, but when fat, egg 
albumen, starch, or sugar was introduced with water no greater flow re- 

sulted than with water alone. The juice of meat, however, called forth a 
marked flow. This explains the continuance of the secretion after the 
psychic secretion ceases. The gastric Juice secreted as a result of the 
mental stimulus digests some of the protein of the food, thereby forming 
soluble nitrogenous compounds, which in turn stimulate the glands to 

further secretion. 
The saliva secreted was thin and watery when sand or dry, powdered 

biscuit was placed in the dog’s mouth, and much more concentrated 
when stones were introduced, which the dog could swallow without the 
aid of a large amount of saliva. The amount of saliva and gastric juice 
also depended on the nature of the food fed. Pawlow’s work indicated 
that the enzyme content of the digestive juices depended on the kind of 
food, the glands being guided by a form of instinct, so that, for example, 
the pancreatic juice would contain more trypsin when meat was fed than 
when starch was supphed. However fascinating this idea is, after numer- 
ous more recent investigations the consensus of opinion is now against 

such an adaptation of the digestive juices to the food. 
It is indeed fortunate that the character of the digestive juices of an 

animal are not changed with variations in the food consumed. Between 
meal times the secretory cells are elaborating the enzymes which are to 
be contained in the secretions that will be poured forth to digest the 
next meal. If the cells formed only enzymes suited to digestion of the 
previous meal, and the animal then consumed food of a different kind at 
the following meal, the juices might be unsuited to its digestion. It is 

therefore wise that no matter what food the animal consumes, the diges- 
tive glands pour forth the enzymes needed for the digestion of all the 

various nutrients. 
56. Palatability—So vague and illusive is the subject of the palatabil- 

ity of food that it would be a waste of space to discuss it at any length 

in this work. ‘‘What is one man’s meat is another man’s poison’’ is an 
old saying, to which might be added, ‘‘and what is one man’s meat to-day 
may be his poison to-morrow’’; for desire, appetite, and digestion are 
not the same with any given individual at all times and under all cireum- 
stances. Even with farm animals palatability is greatly influenced and 
controlled by familiarity and habit or custom. When corn silage is first 
placed before cows, not infrequently, after sniffing it, they will let it 
alone for a time. They then usually begin nibbling at it, and later may 
gorge themselves thereon if permitted. In such eases food that at first 
seems unpalatable suddenly becomes palatable. 

In his early experience the senior author was feeding 2 lots of fat- 
tening steers, one on shelled corn and wheat bran, the other on wheat 
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bran and shelled corn ground to a meal. After some weeks of successful 
feeding, the rations for the 2 lots were reversed. The steers changed 
from corn meal to whole corn showed a strong dislike for the new ration, 
eating so little at first that they shrank materially in weight. From this 

the general conclusion might have been drawn that shelled corn is less 
palatable than corn meal for fattening steers. But the steers given corn 
meal in place of shelled corn were equally dissatisfied. This shows that 
eustom and habit—something entirely extraneous to the food—are pos- 
sible factors in palatability. 

While palatability has a bearing on digestibility, the reverse is not 

necessarily true, for humans and animals often show fondness for kinds 

of food that are indigestible or worse. Even poisonous substances may 

be palatable, and, on the other hand, food which the human or animal 

does not relish or even dislikes may have high nutritive value provided 
the repugnance thereto is overcome. 

Despite the complexities of the subject, every practical stockman knows 
that to get the best results he must at all times provide feed for his 
animals which is palatable and altogether acceptable. This may be accom- 
plished in considerable degree by steadily using the same feeds and feed 

combinations, and in always avoiding sudden and violent changes in 
their character and in the manner of feeding, 

III. Metaso.Lism 

In the preceding division we learned how digestion prepares the nu- 
trients of feeding stuffs for the nourishment of the animal body. In what 
follows there is briefly set forth how the digested materials are brought 
into the body proper and what becomes of them. Chemists and phy- 
siologists, working together with skill and great patience, have been able 
quite fully to set forth and explain the processes of digestion. When 
the nutrients leave the alimentary tract and enter the body, the difficulties 
of following them and learning what becomes of them are much greater. 
Many of the changes that occur in the body have been revealed by per- 
severing scientists, but concerning others, only little of a definite nature 
ean yet be told. 

57. Metabolism.—The processes by which the digested nutrients of the 
food are utilized for the production of heat and work, or built up into 
the living matter of the body, in turn being broken down and once more 

becoming non-living matter, are termed metabolism. Constructive meta- 

bolism, or the building-up processes, is termed anabolism, while the 
breaking-down and wasting processes are styled catabolism. 

58. The circulative canals of the body.—The body of the animal is 
made up of innumerable cells, which, grouped and modified in myriads 
of ways, ultimately form all its organs and parts. Everywhere among 

the cells are minute spaces called lymph spaces, which are connected 

with the /ymphatics, a set of vessels which permeate most parts of the 
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body. In some respects the lymphatics resemble the veins, but they are 
thinner and more transparent and drain in only one direction—toward 
the heart. Within these vessels is a clear fluid called lymph. These 
vessels unite with one another, forming a network in many places. Here 
and there a trunk subdivides into five or six smaller vessels, and the 
latter enter a nodule-like body ealled a lymphatic gland. From this gland 
come several small vessels, which, after a short space, again unite to form 
a trunk. Gradually these trunks unite, forming larger trunks until a 

large duct and another smaller one are formed which enter veins in the 

neck. 
The other set of canals is the arteries and veins, which permeate every 

portion of the body, the former carrying the blood away from the heart, 
and the latter carrying it to the heart. At the extremities of the arteries 
are still more minute tubes, called capillaries, which connect them with 
the veins. If one extends his arms in front of him with his finger tips 
touching, his body will represent the heart, while one arm will represent 
an artery carrying blood from the heart, and the other a vein conveying 

blood to the heart. The touching fingers will correspond to the capillaries 
connecting the arteries with the veins, and the space all about the fingers 
will represent the surrounding body tissues. In general, neither the 
veins nor the arteries allow any substance within them to escape thru 
their walls proper. It is thru the capillaries that the nutritive matter 
carried by the blood finds its way into the body tissues for their nourish- 

ment, and thru the capillaries and the lymphatics, in turn, the waste of 
the body drains back into the blood circulation. The cellular tissues of 
which the body is composed are thus everywhere permeated by the ducts 
of the lymphatic system and the capillaries of the blood system. The cells 
of the body are bathed by lymph, which is the fluid that receives and 
temporarily holds all the nutritive substances and the body waste. The 
mucous membrane lining the small intestine has a velvety appearance, 
caused by innumerable minute, cone-like projections, or tongues, called 
villi, which project into the interior of the intestinal tube, thereby 
coming into contact with its fluid contents. Within each villus are 
lacteals, or drainage tubes of the lymphatic system, and capillaries of 

the blood system. 
59. Absorption of fat.—As before told, in the small intestine a part of 

the fat of the food is split into fatty acids and glycerin by the action of 
lipase. These acids and the alkalies in bile combine to form soaps 
which aid in emulsifying the remaining fat, so that it also is rapidly acted 
on by the lipase and changed into fatty acids and glycerin. Modern 
investigation supports the view that the fats are all absorbed as soaps 
and glycerin. In the intestinal wall these are reconverted into neutral 
fats which enter the lacteals, forming with the lymph a milky substance 
called chyle. This is carried in the lymphatics and poured into a vein 
near the shoulder, thus entering the blood circulation. 

60. Absorption of carbohydrates; formation of glycogen.—The glucose 
and glucose-like sugars taken up from the intestinal contents by the 
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capillaries pass into the veins, and thence by way of the portal vein into 
the liver. Here they are for the most part withdrawn from the blood 
and temporarily stored in this organ as glycogen, a carbohydrate which 
is closely related to starch and, having the same percentage composition, 
is sometimes called animal starch. Normally from 1.5 to 4.0 per ct. of 
the weight of the liver consists of glycogen. The glycogen stored in the 
liver is gradually changed back into glucose, and then doled out to the 

system as required, the amount of glucose in the blood being kept at 

about 1 part in 1,000. The property of converting glucose into glycogen 

is not possessed by the liver alone, but by the tissues of the body gen- 

erally, especially the muscles. When work is being done the glycogen 
in the muscles is first drawn upon to furnish glucose, and after this store 
has been exhausted, the glycogen in the liver furnishes the needed 
glucose. 

61. Absorption of proteins.—It was formerly supposed that the amino 

acids, the products of protein digestion, which are absorbed from the 
small intestine thru the villi, were joined together while still within the 
intestinal walls, thereby forming the complex proteins of the blood 
called serum albumin and serum globulin. Thru refinement of experi- 
mental methods Van Slyke,® and Folin and Denis’ have been able 

definitely to prove that the amino acids are not thus built into blood 
proteins within the intestinal wall, but that they pass into the blood 
stream without being united. They are then carried into the general 
circulation, and from the blood stream each of the various tissues of the 
body—muscles, organs, ete.—absorbs a certain amount of the amino acids 
for growth, or the repair of the daily waste of protein matter. 

Mineral matter is taken up from the small intestines, and water is 

absorbed all along the alimentary tract, from the stomach to the large 
intestine. 

62. Distribution of absorbed nutrients.—We have seen that the digested 
fats which are to nourish the body are poured into the blood current by 
way of the lymphatics, while the glucose and the amino acids enter the 
blood directly thru the capillaries and veins. The veins from the small 
intestine unite and become the portal vein, which passes the blood thru 
the liver and on into the heart. The various nutrient materials, having 
been mingled with the blood, are carried thru the circulation to the capil- 

laries. 
These are so constructed that, when the blood finally reaches them, 

the nutritive substances it carries pass thru their walls and are mingled 
with lymph that bathes the myriad body cells. In this manner all the 
nutrients, having been especially prepared and transported, are available 
for the nourishment of every portion of the body. Oxygen is taken into 
the blood thru the lungs, and water and mineral matters are absorbed 
from the digestive tract. All are carried by the arteries and pass thru 
the capillaries into the lymph. 

6 Jour. Biol. Chem., 12, 1912, 399-410; 16, 1913, 187-233. 

7Jour. Biol. Chem., 11, 1912, 87-95; 12, 1912, 141-162. 
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63. Use of the absorbed nutrients——The absorbed nutrients, thus 
transferred to all the tissues of the body, may be oxidized, or burned, to 

warm the animal, or to produce energy to carry on the vital processes 
and to perform work, as shown in the following chapters. In case more 

nutrients are supplied than are required for these purposes, the excess 

may be transformed into body tissue proper, as shown in Chapter V. 
The glucoses may be converted into fats and stored as body fat, as may 

also the fats derived directly from the food fats. The amino acids may 

be built up into body protein or, if not needed for this purpose, a portion 

of their carbon, hydrogen, and oxygen may be converted into fat, while 

the nitrogen is excreted, chiefly in the form of urea. The highest use 

of the proteins, however, is the formation of nitrogenous tissues—the 

muscles, brain, nerves, skin, hair, and various organs of the body. 

64. Disposal of body waste.—In breaking up the food nutrients within 

the body proper for the production of heat, and in the changes which 

occur in building them into body tissues, carbon dioxid is evolved. 

Most of this escapes into the capillaries and is carried in the blood by the 

veins to the lungs, where it is eliminated in breathing, a portion, however, 

escaping by way of the skin. Some of the marsh gas produced by fer- 

mentations in the stomach of herbivora is absorbed into the blood and 

thrown out by the lungs. 
Nearly all of the nitrogenous waste, representing the breaking down of 

protein material in the body, is excreted in the urine thru the kidneys, 

tho a trace is given off in the sweat and a more appreciable amount in 

the feces. In mammals this waste takes the form principally of urea. 

In caleulating the total amount of protein metabolism it 1s customary to 

determine the total nitrogen in the urine and multiply this by 6.25. This 

gives the amount of protein broken down, since it is assumed that, on 

the average, nitrogen forms 16 per ct. of the total weight of the protein 

molecule. (17) 

A great variety of other end-products of metabolism are likewise 

eliminated by the kidneys thru the urine. The inorganic salts, such as . 

common salt, also escape from the body principally in the urine. Small 

amounts of most of the substances eliminated in the urine are also 

excreted by the skin thru the sweat glands. A considerable portion of 

certain inorganic salts containing calcium, magnesium, and phosphorus 

are eliminated by way of the intestines. 

65. Summary.—In Chapter I we learned how the various inorganic 

compounds taken by plants from earth, air, and water are built into 

organic plant compounds, and how in such building the energy of the 

sun becomes. latent or hidden in the substance of the plant. In this 

chapter we have learned how the animal, feeding on plants, separates 

the useful from the waste by mastication and digestion, and how the 

digested nutrients, after undergoing more or less change, are conveyed 

from the alimentary tract to the body tissues and used for building the 

body, for warming it, or in performing work. All the energy manifested 
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by living animals and the heat evolved in their bodies represent the 
energy of the sun originally stored in food substances by plants. With 

the breaking down of the nutrient matters in the bodies of animals, and 
in the decay of the animal substance itself, the organic matter loses the 
condition of life and falls back to the inorganic condition, once more be- 
coming a part of the earth, air, and water as inert matter. After this 
degradation it is again gathered up by the plants and once more starts 

on the upward path. Such is the eternal round of Nature, in which 
plants, animals, the energy of the sun, and the mysterious guiding prin- 
eiple of life all play their parts. 



CHAPTER III 

MEASURING THE USEFULNESS OF FEEDS 

I. DIGESTIBILITY OF FEEDS 

In determining the relative usefulness of different feeding stuffs to the 
animal it is necessary to find a means of measuring the amount of 

nutrients which each actually furnishes. .The most simple means for 
such measurement is to determine the digestibility of the several 
nutrients of a feed; i.e., the percentage of the total crude protein, fiber, 

nitrogen-free extract, and fat which is digested by the animal. The 

digestible matter is obviously the only portion of the feed which is of use, 
since the remainder passes out in the feces without ever having really 

entered the body. In studying the digestibility of a given feed the 
chemist first determines by analysis the percentage of each nutrient it 
contains. Weighed quantities of the feed are then given to the animal, 
and the feces voided during a stated period are saved and weighed, and 
samples are analyzed. The difference between the amount of each 
nutrient fed and that found in the feces resulting therefrom represents 
the digested portion. 

66. A digestion trial with sheep——To show how the digestibility of a 
feed is determined, the following results are given from an actual diges- 
tion trial conducted by Armsby at the Wisconsin Station.t Desiring to 
ascertain the digestibility of clover hay and malt sprouts, 2 wethers 
weighing 87 Ibs. each were confined in specially constructed apartments 
and fed from zinc-lined boxes to prevent waste. Each day’s allowance 

was weighed and samples analyzed. The feces voided by the wethers 

were collected in rubber-lined bags attached to their hind quarters by a 
light harness. These bags were emptied each 24 hours, and the contents 

weighed and analyzed. Feeding progressed 6 days before the trial prop- 
er began, in order that all residues of previous feed might have passed 
from the alimentary tract. During the first period each sheep, as shown 

in the table, was fed 700 grams (about 1.5 lbs.) of clover hay daily, which 
was consumed without waste. 

Digestion trial with sheep fed clover hay; average for 1 day 

~ aoa Carbohydrates 

mation mica Fiber N-free Fat 
extract 

5 Grams Grams Grams Grams Grams 

Fed 700 grams hay, containing. .} 586.1 (lst 191.5 | 276.7 10.7 
Excreted 610.6 grams feces, 

CONUAINING: Fo ae ee ie siotterene re 288 .6 40 .4 101.5 119 .4 7.9 

DIG ESLER Se enerc ier hk mctociceks 2 ate. 297 .5 37.3 90.0 ilby/ 3 258 
Per cent digested............. 50.8 48 .0 47.1 56.8 26 .2 

1Wis. Rpt. 1884. 
: 
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The table shows that the 700 grams of hay fed contained 586.1 grams 

of dry matter, and that the feces for 1 day, which represented the un- 
digested portion of the ration, contained 288.6 grams. The difference, 
297.5 grams, or 50.8 per ct., is held to be the dry matter digested. The 
average dry matter digested in 2 such trials was 51.2 per et. Of the 77.7 
grams of crude protein supplied, 40.4 grams appeared in the feces. The 

difference, 37.3 grams, or 48 per ct., represents the digested crude pro- 

tein. In like manner the percentage of the other nutrients digested was 
determined. 

The average percentage of each nutrient digested in a feeding stuff is 
termed the coefficient of digestibility, or digestion coefficient, for that 
nutrient in the feed. 

67. Digestibility determined by difference.—Ruminants and horses are 
not normally fed on concentrates alone. Therefore, when it is desired to 
determine the digestibility of a concentrate, the animal is first fed rough- 

age alone and the amount digested determined. The concentrate to be 
studied is then added to the roughage, and the total nutrients digested 
from both feeds are found. By difference, the amount of digestible 
nutrients coming from the concentrate is computed. 

To determine the digestibility of malt sprouts, the sheep used in the 

above trial were next fed a ration of 600 grams of clover hay and 175 
grams of malt sprouts, as shown below: 

Trial with sheep to ascertain the digestibility of malt sprouts 

. Carbohydrates 

D Crud ——— 
matter nictein : N-free Fat 

Fiber extract 

Grams Grams Grams Grams Grams 

RediG0Olerams hay® .{)os.55..2.. 500 .9 67 .4 163.3 | 236.3 9.4 
Fed 175 grams malt sprouts. .... 154.1 36.8 21.0 87.5 2.2 

CUED haylale die ach eg ae eM ae Sea 655 .0 104.2 184.3 23 .8 11.6 
fnGSiTl grams feces)... 64... 2.14: 295 .2 41.5 100.6 | 129.0 5.5 

rested, total. 2..5.... 0.5. slawel| saw ats: 62.7 83.7 | 194.8 6.1 
Wirested from hay....:...0.. 3. 256 .4 33 .2 Thtes ||. al 5}2 93 3.8 

Digested from malt sprouts...... 103 .4 29.5 6.9 59 .6 2.3 
ipemcent digested... <0... sc 3. 67.1 80.2 32.9 68.1 | 104.5 

The digestibility of malt sprouts was determined indirectly in the fol- 
lowing manner: The dry matter of the clover hay and malt sprouts 
together equaled 655 grams. The excreted dry matter from this equaled 
295.2 grams, so that the total quantity digested was the difference, or 
359.8 grams. In the previous trial it was found as the average of 2 
periods that 51.2 per ct. of the dry matter in clover hay was digestible. 
Taking 51.2 per ct. of 500.9 grams gives 256.4 grams, which is the 
probable quantity of dry matter that was digested from the hay. Sub- 
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tracting 256.4 from 359.8 grams, there is left 103.4 grams, or 67.1 per ct., 

which is taken as the per cent of dry matter digested from the malt 
sprouts. In a similar manner the other digestion coefficients for malt 
sprouts are determined. The table reports 104.5 per ct. of the fat of 
malt sprouts digested—an absurdity. The total quantity of fat in the 
feeds used in this trial was so small that an error like this could 
easily occur. 

In digestion trials it is commonly assumed that all matter appearing 
in the feces has escaped the action of the digestive ferments and so rep- 

resents the indigestible part of the food. Tho substantially correct, there 
are exceptions to this assumption. The feces contain some waste from 
the body itself, such as bile residues, matter which sloughs off from the 
walls of the alimentary tract, and unabsorbed digestive juices. In a 

metabolism trial with a goat at the Wisconsin Station fed a ration of 
straw, which is low in protein, Steenbock, Nelson, and Hart? found more 
nitrogen in the feces than in the original feed, due to the absorption of 
digestive juices by the bulky straw. Yet a considerable portion of the 
protein contained in the straw must have been digested. 
By treating the feces with an acid solution of pepsin, all the nitroge- 

nous compounds except the true undigested food protein may be dissolved 
therefrom, and the actual digestion coefficient thus found for the protein. 
In a few digestion trials in recent years this method has been employed. 

Armsby has shown® that ruminants feeding on coarse forage convert 

much of the fiber into marsh gas, or methane, which has no nutritive 
value. In such cases digestion trials will show too high a value for 

the fiber. 
In digestion studies the ether extract, or so-called fat, is determined 

by the use of ether, which dissolves not only the true fat, but also 

chlorophyll, wax, bile residues, and other substances which are not true 

fat. Due to this, and because the fats in feeding stuffs are usually in 

relatively small amount, errors are lable to occur in their determination. 

Fraps and Rather* at the Texas Station, on studying the ether extract 

obtained from 18 different forage plants, found that only 42 per ct. was 

true fat. The digestibility of the true fat averaged 66.4 per ct.; while 
only 29.1 per ect. of the remainder (not true fat) was digestible. The 
ether extract of seeds, which is nearly all true fat, is highly digestible. 

68. Coefficients of digestibility—tThe coefficients of digestibility for the 
various feeding stuffs, as determined by the experiment stations of this 

country, have been compiled by the authors and are presented in Appen- 

dix Table II. In the case of feeds for which American data is not 
available, coefficients from European sources have been included. From 
this extensive table the following examples are taken to show the diges- 
tibility of typical feeds: 

2Jour. Biol. Chem., 19, 1914, p. 399. ‘Tex. Bul. 150. 

’Cyclopedia Am. Agr., III, p. 65. 
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Coefficients of digestibility of typical feeding stuffs, from Appendix 
Table II 

Carbohydrates 

Feeding stuff eis mete! eaniee Nefres Fat 

Fiber extract 

Concentrates Per ct. Per ct. Per ct. Per ct. Per ct. 

MENGLCOMM Gs 21%) ska ie cys ous 12 90 74 ov 94 93 
ORS co oe ee Ney 70 78 35 81 87 
Wheat, ground.......... 4 87 74 59 93 72 
Wiheatibran. jo. 25. 2. 3. | 20 65 78 31 72 68 
Iilease EEC SI pee arsenate U 77 91 60 55 86 
Linseed meal, old process 3 79 89 57 78 89 

Roughages 
imothyahaye. 4.2.62...) 08 55 48 50 62 50 
Red clover hay.......... | 25 59 59 54 66 57 
OSGISUAW pis aaaert occ Ge 18 54 28 60 51 39 
Kentucky bluegrass, 

OTECNE a ee ot i vieeN cis a 56 57 66 61 52 
@ormsilares jlo 27 66 51 65 qa 82 
Mian celsies a2 At ss a -,e 2 22 87 70 37 95 

The table shows that for dent corn 90 per ct. of the total dry matter, 

74 per ct. of the crude protein, 57 per et. of the fiber, 94 per et. of the 
nitrogen-free extract, and 93 per ct. of the fat is digestible. Feeds which 

contain little fiber, such as corn and wheat, show high digestibility, be- 

cause their nutrients are not protected from the action of the digestive 
juices by thick cell walls of cellulose, or fiber. Owing to their larger fiber 
content, oats and wheat bran are less digestible than corn or wheat. As 
a class the roughages are high in fiber, and therefore much less digestible 
than the concentrates. This will be noted on comparing the digestion 
coefficients for timothy hay and oat straw with those for corn and wheat. 
The dry matter of mangels is as well digested as that of wheat, again 

showing that roots are more like concentrates than roughages. 
69. Digestible nutrients in feeding stuffs—To determine the digestible 

nutrients in any feeding stuff the total amount of each nutrient in 100 
Ibs. thereof is multiplied by the digestion coefficient for that nutrient. 
For example, 100 lbs. of dent corn contain 10.1 pound of crude protein 
(Appendix Table I), of which 74 per ct. is digestible, as shown by the 
preceding table. Accordingly, there are 7.5 lbs. of digestible protein in 
100 lbs. of this grain. By this method the data contained in the exten- 
sive Table III of the Appendix have been computed. The following 
examples are here taken from this table for illustration and study. 

In Appendix Tables I and II the fiber and nitrogen-free extract are 
given in separate columns, for, tho of the same chemical composition, 
these components often differ widely in digestibility. In preparing the 
tables showing the digestible nutrients in feeding stuffs, the digestible 
fiber and digestible nitrogen-free extract are determined separately and 
the results combined under the term carbohydrates, as is done in this 
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table. The digestible carbohydrates in dent corn are computed as fol- 
lows: According to Appendix Table I, 100 lbs. of dent corn contains 
2.0 lbs. of fiber, 57 per et. of which is digestible, as shown in Appendix 
Table II. Likewise there are 70.9 lbs. of nitrogen-free extract, 94 per et. 
of which is digestible. Multiplying in each ease and adding the products, 
we have 67.8 lbs., which is placed in the column marked ‘‘digestible 
carbohydrates. ’’ 

Digestible nutrients in 100 lbs. of typical feeding stuffs, from Appendia 
Table IIT | 

Digestible nutrients 
Total : spe 

Feeding stuff dry moral Nutritive 
matter Crude Carbo- F Gnewtat ratio 

protein hydrates at Xx 2.25) 

Concentrates Lbs. Lbs. Lbs. Lbs. Lbs. 

Den tiCOrn= seer 89.5 (Gao 67.8 4.6 85.7 1:10 .4 
OSS Ae erie etn Saati 90.8 OG 52.1 3.8 70 .4 1603 
Wihesteascs oo. tere | eOOTe 9.2 67.5 1 80.1 Veet 
Wiheatibrane=..22":....+| S9-9 12.5 41.6 3.0 60.9 1: 3.9 
WlaxySeed & ssa. -ate chetskonone 90.8 20.6 17.0 29 .0 102° 879) e470 
Linseed meal, old process | 90.9 30 .2 32 .6 6.7 77.9 eee 

Roughages 
Timothy hay...........] 88.4 3.0 42.8 1.2 48 .5 ally? 
Red clover hay..........| 87.1 7.6 39.3 18 0) ION G87 
@atistrawene scan. caer 88.5 1.0 42.6 0.9 45 .6 1:44.6 
Kentucky bluegrass, 

OTCED hyo tie eras ours 31.6 2.3 14.8 0.6 18.5 1: 7.0 
Corn silage, recent 

AN Aly SCS wis ie eee ee 26.3 Lal 15.0 0.7 UY 0 1:15.1 
Mangelstics. atc aces) 9.4 20 foie | 0.1 7.3 1:-6.3 

*The high value for flaxseed is due to the fact that its 29.0 lbs. of digestible 
fat equals 65 lbs. of digestible carbohydrates (29.0x2.25=65.2). 

It will be noted that the typical feeds presented in this table show 
wide differences in the amount of different digestible nutrients they 
furnish. Corn and wheat are high in digestible carbohydrates and 

rather low in digestible protein, while wheat bran and linseed meal are 
high in digestible protein but low in digestible carbohydrates. Linseed 
meal contains more digestible protein and less than one-fourth as much 
digestible fat as the flax seed from which it comes. The roughages range 
lower in digestible nutrients than the concentrates. Oat straw is es- 
pecially low in digestible protein, while immature and actively growing 
pasture grass will contain nearly as much digestible protein as wheat 
bran, if cut and dried to the same water content. 

70. Nutritive ratio—As protein serves special uses in the body, in 
discussions of feeding stuffs and rations the term nutritive ratio is used 
to show the proportion of digestible protein contained in comparison 
with the other nutrients. By nutritive ratio is meant the ratio which 
exists in any given feeding stuff between the digestible crude protein and 
the combined digestible carbohydrates and fat. It is determined in the 
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following manner: The digestible fat in 100 lbs. of the given feed is 
multipled by 2.25, because fat will produce 2.25 times as much heat on 
being burned in the body as do the carbohydrates. The product is then 

added to the digestible carbohydrates and the sum is divided by the 
amount of digestible crude protein, the quotient being the second factor 
of the ratio. The manner of computing the nutritive ratio of dent corn 
is as follows: 

Second factor of 
Diges. fat Heat equiv. Diges. carbohy. nutritive ratio 

4.6 x 220) + 67.8 

= 10.4 
aoe 

Diges. crude protein 

Nutritive ratios are expressed with the colon, thus, 1:10.4. The nutri- 
tive ratio of dent corn is therefore 1:10.4 (read 1 to 10.4) ; ie., for each 
pound of digestible crude protein in corn there are 10.4 Ibs. of digestible 
carbohydrates or fat equivalent. A feed or ration having much crude 
protein in proportion to carbohydrates and fat combined is said to have 
a narrow nutritive ratio; if the reverse, it has a wide nutritive ratio. 

Oat straw has the extremely wide nutritive ratio of 1:44.6, because of 
its low content of digestible protein compared with the carbohydrates 
and fat; oats the medium one of 1:6.3; and protein-rich linseed meal the 
very narrow ratio of 1:1.6, the carbohydrates being less than twice the 
erude protein. 
When the total digestible nutrients (including fat X 2.25) in a feed 

or ration are given, as in Appendix Table III and this sample table, the 
nutritive ratio may be computed by simply subtracting the digestible 

erude protein from the total digestible nutrients, and dividing the re- 
mainder by the digestible crude protein. For example, the nutritive 
ratio of dent corn may be found thus: (85.6—7.5) + 7.5=10.4, second 
term of nutritive ratio. 

The term carbonaceous feed, which has recently come into common 
use, is a convenient designation for a feeding stuff having a wide nutri- 
tive ratio. Similarly, the term nitrogenous feed designates a feeding 
stuff having a narrow nutritive ratio. 

II. RESPIRATION STUDIES 

Tables of digestible nutrients tell what part of the food may be 
digested and absorbed and thus really enter the body of the animal, but 
they throw no light on the use or disposition made of the nutrients when 
once they are within the body. To obtain such information the respira- 
tion apparatus has been devised. This is an air-tight chamber, arranged 
in such manner and with such devices that all that enters and comes 
from the body of the animal placed within it can be accurately measured 
and studied. In some cases mechanical work is performed, while in others 
the subject is at rest. Everything which passes into the animal—air, 
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food, and water—is carefully measured and analyzed so that the exact 
intake of the body is known. The air is in turn drawn from the chamber 
and analyzed, and the solid and liquid excrements passed by the animal 
are all likewise weighed and analyzed. If the intake is larger than the 
outgo, the animal has increased in body substance; if less, it has lost. 
The respiration apparatus has been used for studying the production of 
work and the formation of the tissues of the body, both the lean flesh and 
the body fat. Thru this means scientists have, in some measure, been 
able to determine what becomes of the food animals consume. 

71. A respiration study.—The use of the respiration apparatus is illus- 
trated by the following example from Henneberg’ of the Weende Station, 
Germany. <A full-grown ox weighing 1,570 lbs. was placed in the respira- 
tion chamber. During one day of the trial it was fed 11.1 Ibs. clover hay, 
13.2 lbs. oat straw, 8.2 Ibs. bean meal, and 2.13 oz. salt, and drank 123.7 
lbs. water. The intake and outgo of the body for the day are shown in 

the following table: 

One day’s dy with a 1570-lb. ox in a pig ation apparatus 

Minor Carbon ea pos Oxygen 

A. Intake of body Lbs. Lbs. Lbs. Lbs. Lbs. 

156 .25 Ibs. feed and water, containing 
27.94 Ibs. dry matter.......... 1.96 | 12.84 1.65 | 0.68 10.81 

LOS OLDS awater A. We nasi oes ee are 14 .26 oi, | LE4ALO5 
15.99 Ibs. oxygen from air............ eae Ce: a: Jane 15 .99 

17294 bss Gotal antake sia. fedlesu boar 1.96 | 12.84 | 15.91 | 0.68 | 140.85 

B. Outgo from body 
120 .25 Ibs. excrements, viz: 

ROP Glibsatecess a2 acre at ee. 2 1.27 5.69 9.28 | .0.23 73.14 
30.64 Ibs. urine... ...2..: Bike 0.67 0.49 | 3.26 |°0.37 | 25.85 

49 .71 lbs. respiration products, viz: 
21.61 lbs. carbon dioxid........ Be Ste) eet seh 15.72 
0.06 lb. methane gas.......... whe 0 .04 0.02 ee shea 

98204 Ibs. watelian neice antes ae ee: ye oe 3.11 24 .93 

169 .96 Ibs.; total outgos. 2.02.20. 25.2 yy E2947) 12007 15-67; | 0) 60m nso 264 

A-B. Production in body 
0.48 Ib: -dry lean meat. heise eel are 0.25 | 0.03 | 0.08 0.12 
262 Ibo Stated cescck hen ee cee ne 0.48." 02085) tee 0.06 
0202:1b.2mineral’matter. cece 0.02 Bese ppg eae Bis 
1.16 lbs. water in flesh and fat......... ce a: a ae 0.13 ay eetiee 1.03 

2.28 lbs., total remaining in body......| 0.02 0.73 | 0.24 | 0.08 IL Pall 

72. Intake of the body.—The first part of the table (A) shows that 

during the 24 hours of the trial the ox confined within the respiration 

apparatus took into his digestive tract 27.94 lbs. of dry matter in his 

food and 128.31 lbs. of water in food and drink, and breathed in air 

*Neue Beitrage, Gottingen, I, 1870, p. XIX; Kraft, Lehrb. Landw., III, p. 17. 
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containing 15.99 lbs. of oxygen, a total intake for the day of 172.24 lbs. 
The amounts of mineral matter, carbon, hydrogen, nitrogen, and oxygen 
taken into the body in air, food, and water are shown in the respective 
columns of the table. 

73. Outgo from the body.—The next division of the table (B) shows 
that during the day there passed from the ox 120.25 Ibs. of excrements, 
of which 89.61 Ibs. was feces and 30.64 lbs. urine. From the lungs and 
skin there was exhaled 49.71 lbs. of gas and vapor, somewhat less than 
half of which was carbon dioxid; a trace, methane gas; and the re- 
mainder, water. 

Of the 12.84 lbs. of carbon contained in the ration, there was voided in 
the undigested matter of the feces 5.69 lbs., or about two-fifths the total 
amount. Similarly, about one-third of the nitrogen in the food never 

entered the body proper from the stomach and intestines, but passed 

away in the voidings. That part of the food which was digested and 
absorbed into the body was used to carry on the life functions and to 
repair the body tissues, or was stored as body substance. 

The 30.64 lbs. of urine excreted contained 0.37 lb. of nitrogen. This 
nitrogenous waste came either from the food which the ox had consumed 
during the day, or resulted from the small, continuous wastage of the 

protein tissues of the body. Since about 16 per et. of such protein matter 
as was contained in the food or composed the body tissues of the ox was 
nitrogen, by multiplying the 0.37 lb. of nitrogen by 100/16, or 6.25 (17), 

we find that 2.31 lbs. of the protein of the feed or from the body was 
broken down and passed away in the urine during the day. 

74, Production in the body.—By subtracting the total outgo of the body 
from the total intake, we obtain the figures in the last part of the table, 
A-B. These show that out of 172.24 lbs. of food, water, and air taken in 
by the ox during the day, 2.28 lbs. remained as some part of the animal 
body. Of this, 0.02 lb. was mineral matter or ash; 0.73 lb. carbon; 0.24 
lb. hydrogen, 0.08 lb. nitrogen, and 1.21 lb. oxygen. By multiplying 
the 0.08 lb. of nitrogen (0.077 lb. to more exact) by 6.25 we find that the 

steer gained 0.48 lb. of protein or dry lean meat. As protein is a little 
over half carbon, about 0.25 lb. of carbon was built into the lean meat, 
leaving 0.48 lb. of carbon to be stored as fat. Pure fat is about three- 
fourths carbon, hence the 0.48 lb. of carbon represents about 0.62 lb. of 
fat, which was stored during the day. As fresh lean meat is nearly 
two-thirds water, the 0.48 lb. of dry lean meat equaled 1.25 lbs. of fresh 
lean meat. The body fat of the ox is about two-thirds fat and one-third 
water; hence the ox stored about 1.0 lb. of fatty tissues during the day. 
From this most instructive study we learn that a 1570-lb. ox confined 

in a respiration chamber for 24 hours consumed during that time 11.1 
lbs. of clover hay, 13.2 lbs. of oat straw, 8.2 lbs. of bean meal, and 2.13 oz. 

of salt ; drank 123.7 lbs. of water; and breathed in 16 lbs. of oxygen gas. 
From all this it gained 2.28 lbs. of body weight, of which about 1.12 lbs. 

was dry lean meat, fat, and mineral matter, and 1.16 lbs., or over one- 
half was water. 
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III. THe Enercy or Foop 

The living mature animal may be compared to a steam engine, in which 
part of the power derived from the fuel is used for the operation of the 

engine itself, i.e., the movement of flywheel, piston, ete., while the sur- 

plus may perform useful work. The steam engine derives its energy 
from coal or wood burned under the boiler; the animal, from the feed 
it consumes. Both require a small amount of repair material—steel, 
brass, ete., for the engine, and protein and mineral matter for the 
animal—but the largest demand with engine and animal alike is for fuel. 

It is therefore both important and interesting to consider the relative 
value of feeds in terms of the fuel they furnish the body. 

75, Fuel value of feeds.—The value of any feeding stuff as fuel for the 
animal depends on the amount of energy which it will furnish when 
burned. As with coal, the fuel value of a feed is determined by burning 
a weighed quantity of it in pure oxygen gas under pressure in an appara- 
tus called a calorimeter. The heat evolved is taken up by water sur- 
rounding the burning chamber and measured with a thermometer, the 
units of measure employed being the Calorie and the therm. 
A Calorie (C.) is the amount of heat required to raise the temperature 

of 1 kilogram of water 1° C., or 1 lb. of water nearly 4° F. 
A therm (T.) is 1,000 Calories, or the amount of heat required to raise 

1,000 kilograms of water 1° C., or 1,000 lbs. of water nearly 4° F, 

The fuel value of 100 lbs. of various substances, or the heat evolved 
on burning them, is as follows: 

Therms 

Anthracitetcoal co. ai c.Grca ue vole iwead een ew ade Ree ete anlar ee 358 .3 

Timothy hay, contaiming 15 per ct.moisture:. .)...22.2. 52. ab.e0 2. W75isl! 
Oat straw, containing 15 per ct. moisture......................... 171.0 
Cornmeal, contaming 15 per'ct. moisture sp a. ce oe 170.9 
Linseed meal, containing 15 per ct. moisture...............:...... 196 .7 

Purerdigestible proveln 12s oro awh. sete ys pani yeh Ame eee ae 263 .1 
Bure digestiblercarbohvdratess aert1. ince ek renee eee ae 186 .0 
Pure;divestiblotate.-cc.ceon ole) che boe aateigt ae eats Os 5 20ers 422.0 

The table shows that, on burning, 100 Ibs. of anthracite coal yields 
358.3 therms, or enough heat to raise the temperature of 358,300 lbs. of 
water 4° F.; or about 8,000 lbs. of water from 32° F., or freezing, to 
212° F., or boiling temperature. One hundred pounds of timothy hay 
likewise burned yields 175.1 therms, or about half as much as coal. Lin- 

seed meal has a higher fuel value than corn meal because it contains more 
oil. Digestible protein yields considerably more heat than the carbohy- 
drates, and fat over twice as much as the carbohydrates. 

The energy evolved on burning a substance may be expressed by the 
work it will do in lifting a weight, the unit of such measurement being 
the foot-ton. This is the amount of energy required to raise a weight of 
1 ton 1 foot against the force of gravity. A Calorie will furnish the 
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energy required to raise a weight of 1.53 tons 1 foot. A therm (1,000 
Calories) will thus raise a weight of 1,530 tons 1 foot, or 1 ton 1,530 feet. 

76. Available energy.—The fuel value of any feed does not necessarily 

measure its nutritive value to the animal, because feeds which yield the 
same number of heat units in the calorimeter may vary in the amount 
of available energy which they can furnish to the body. This is because: 

1. A part of the food consumed passes thru the alimentary tract 
undigested. This may be compared to bits of coal dropping thru the 
grate of the boiler unburned. 

2. The carbohydrates, especially woody fiber, undergo fermentations 
in the intestines and paunch, combustible gases being evolved which are 

without fuel value to the animal. (48) Even in well-constructed engines 
a similar loss of energy occurs in the combustible gases which escape 
thru the chimney without being burned. 

3. When the protein substances in the body are broken down they 
form urea, a nitrogenous compound which is excreted by the kidneys. 
(64) Urea has fuel value which is lost to the body. Again we may 
liken this loss to that which occurs in the boiler thru the creosote which, 
tho having fuel value, is not burned in the fire box but escapes or is 
deposited in the chimney. 

The fuel value of any food which remains after deducting these three 
losses represents the available energy of the food (or as it is now often 
called, the metabolizable energy). This is the portion which the animal 
can use for body purposes. 

77. Net energy.—The available energy of the food measures its value 
for heat production in the animal, but does not represent its true value 
for other purposes. The animal must expend a part of the total available 
energy of any food in extracting the real fuel material from the rela- 
tively large proportion of useless material which it must excrete, and 
in converting the digested material into forms which can be used by the 

body. In other words, the work of masticating and digesting the food 
and of assimilating the digested nutrients requires considerable energy. 
The energy so expended finally takes the form of heat, but is not available 
for other purposes in the body, since the animal has no power to convert 
heat into other forms of energy. That portion of the energy which re- 
mains after masticating, digesting, and assimilating the food is termed 
the net energy of the food. This net energy is used by the animal, first of 
all, in the work of the heart, lungs, and other internal organs, and in 

ease a surplus of net energy remains after satisfying the requirement of 

the animal for mere body maintenance, such surplus may be used for 

producing growth, fat, milk, or wool, or in the performance of ex- 
ternal work. 

The losses of energy due to mastication, digestion, and assimilation 

may be compared to the losses which would occur if a gasoline engine 
had to distil its own gasoline from erude petroleum and then get rid of 
the impurities which it could not use. 
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78. Net energy of feeding stuffs—The respiration apparatus, previ- 

ously described, furnishes a means by which the chemist may calculate 

the net energy of feeds from the amount of fat, protein, ete., deposited by 

the animal within its body during an experiment. In recent years the 

respiration apparatus of the earlier times has been improved by adding 

thereto means for accurately measuring the heat given off by the animal 

while under study. The new apparatus is styled the respiration calo- 

rimeter. The first respiration calorimeter in the United States was 

constructed by Atwater with the aid of the United States Department of 

Agriculture, at Middletown, Connecticut. It was for human nutrition 

studies only. The first and only respiration calorimeter for animals in 

this country was erected by Armsby some years since in a special build- 

ing at the Pennsylvania State College, thru the joint efforts of the United 

States Department of Agriculture and the Pennsylvania Station.° 

For many years Kellner’ of the Méckern Station, Germany, employed 

the respiration chamber in animal studies. His studies and those of 

Armsby® with the respiration calorimeter have been for the most part 

with the mature ox. In these investigations not only was a record kept 

of all the feed consumed and water drank, but of everything that passed 

from the animal, including the so-called solid excrement, urine, carbonic 

acid gas, and water, and in the case of Armsby’s experiments, all the 

heat given off by the body. While studies of this kind have really only 

begun, they have already brought out facts of great interest and im- 

portance. The following table sets forth some of their findings with 

reference to what becomes of the digestible nutrients and 3 common 

feeding stuffs when fed to the ox. 

Net energy from 100 lbs. of digestible nutrients and common 

feeding stuffs 

Energy lost | 

Nutrients or Total ae oe 

feeding stuffs energy ~ Rieder 
In feces Lene In urine eee Total maining 

gas processes 8s 

Therms | Therms Therms | Therms | Therms | Therms | Therms 

Digestible nutrients 
Peanut o1lGat)ii i. ne «ote 399.2 0.0 0.0 0.0 174.4 174.4 224.8 

Wheat gluten (protein)...| 263.1 0.0 0.0 49.2 118.3 167.5 95.6 

Starch (carbohydrate)....| 186.0 0.0 18.8 0.0 68.7 87.5 98.5 

Common feeding stuffs 
@ornimeal saat tae sts 170.9 15.7 15.9 6.6 62.0 100.2 70.7 

Mimothyhayiic =~ fsceieseill sale 87.7 6.8 5.5 52.9 152.9 26.4 

Wihestistrawiec tet si cf- ct. 171.4 93.9 15.5 4.3 47.4 161.1 10.3 

Expressed in per cent Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

Cornymed) a ccsiieesbe ote 100 9.2 9.3 3.9 36.3 58.7 41.3 

Mimothy, HAY sees steers 100 48.9 3.8 Sia 29.5 85.3 14.7 

Wiheatistrawiccisscis sce += 100 54.8 9.0 2.5 20 94.0 6.0 

RTP SE 8 eee ee 

°For a popular description of these calorimeters, see Century Magazine, July, 

1887, and the Experiment Station Record, July, 1904. 

7Land. Vers. Stat., 53, 1900, pp. 440-468. 

‘U. S. Dept. Agr., Bur. Anim. Ind., Bul. 101. 
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This table sets forth some of the highest and most instructive attain- 
ments of the scientists working on problems in animal nutrition. The 
first column shows the total amount of energy which would be produced 

on burning 100 lbs. of the digestible nutrients or of typical feeding 
stuffs. With the digestible nutrients no further loss occurs in the feces, 
but all are absorbed out of the small intestine and go into the body 
proper. The oil contained no nitrogen, and so no nitrogenous waste from 
it appeared in the urine, nor did any of it form methane gas in the in- 
testines. To digest and assimilate this 100 lbs. of oil required 174.4 
therms of energy, leaving 224.8 therms which might be stored in the body, 

either temporarily in the lymph bathing the tissue cells, or more per- 
manently as body fat. 

When 100 lbs. or 263.1 therms of wheat gluten, which is principally 

protein, was digested and absorbed into the body, a loss of 49.2 therms 
occurred in the urine, this loss coming from the breaking down of this 
protein nutrient within the body, or from the breaking down of body 
tissue which was replaced by new protein from this source. In all 167.5 

out of 263.1 therms in 100 lbs. of gluten were lost either in the urine or 
in carrying on the work of mastication, digestion, and assimilation, leav- 
ing 95.6 therms which might be temporarily or permanently stored in 

the body. This amount of protein was available for building protein 
tissues or lean meat, which would be its highest use, or it could serve for 
the production of body fat, ete. 

79. Losses in undigested matter, methane, and urine.—Studying the 
lower division of the table we observe that if the total energy of corn 
meal is placed at 100, then 9.2 per ect. of its heat value passed from the 
ox in the undigested matter of the solid excrement. This loss we may 
compare to bits of coal passing unburned thru the grate bars of a 
furnace. While undergoing digestion, large quantities of methane gas 

were formed. This combustible gas was taken from the intestines by 
the blood and given off thru the lungs and skin, a loss of 9.3 per ct. re- 
sulting. There was a further loss of 3.9 per et. in the urea which left 

the body in the urine by way of the kidneys. The sum of these three 
losses is 22.4 per ct., which measures that portion of the total fuel value 
of the corn meal which was of no value to the ox, but really worse than 

useless, because work was required in passing it thru the alimentary 
tract. The remaining 77.6 per ct. represents the available energy of 

the corn. 
80. Losses due to mastication, digestion, and assimilation—From this 

77.6 per ct. of available energy must be deducted the energy expended 
in the work of mastication, digestion, and assimilation, amounting to 

36.3 per ct. of the total fuel value of the corn. Subtracting this last sum 
and the previous losses from 100, there remains 41.3 per et. as the net 

energy value of the corn, or the amount which the animal may use for 
repairing body tissue, for growth, for the laying on of fat, or for the 

production of external work. In the case of timothy hay only 14.7 per 
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ct., and with wheat straw but 6 per ct., of its original fuel value remains 

as finally available for such purposes. About one-half of the total fuel 
value of these two feeds passed off as undigested matter, this portion 

never having been inside the body proper. 
In noting the heavy losses shown under the column headed “‘ Produc- 

tion processes,’’ the following points are of interest: Zuntz found that 
the work of the horse in chewing hay and preparing it for swallowing 
required 4.5 per et. of the total energy in the hay, oats only a little over 

1 per ct., and corn but one-third of 1 per ct. He estimates that with the 
horse the work of digestion calls for about 9 per ct. of all the energy 
in the digestible portion of the food. He further found that each 100 
lbs. of fiber, or the woody part of feeding stuffs, in passing thru the 
animal, whether digested or not, required about 118 therms for the work 

of disposing of it. 
Such roughages as straw, hay, and corn stover, because of their coarse, 

woody character due to the fiber they contain, place much work on the 

animal in digesting them and passing the waste out of the body. This 
means an evolution of heat. Therefore where the animal, such as an idle 
horse in winter, is doing no work and needs little net energy, no harm 
but rather economy in cost of keep may result from living on such rough- 

ages, because the large amount of heat necessarily evolved in the diges- 
tion and assimilation of this food helps keep the animal warm. On the 
other hand, animals at hard work and those producing milk or being 
fattened cannot profitably subsist chiefly on coarse forage, for they need 
large amounts of net energy in their rations. 

The data of the table we have been studying are as a whole correct, 

interesting, and helpful in extending our knowledge of a difficult, tho 
most important, subject in animal nutrition. In details they are more 
or less imperfect, and the student should not regard the figures in each 
division of the table as exact and final, but rather as approximate to the 
facts. Taken in the right spirit, these data are of the highest value in 
setting forth what portions of the food consumed by the animal are lost 
at each step in their progress thru the body, and showing how a con- 
siderable part of the value of the food is required to carry on the work 
of mastication, digestion, and metabolism, leaving a relatively small 
portion ultimately available for building the body or for external work. 
The marvel is that the scientists have been able to go so far in solving 
these most complicated problems, and that their zeal is still unabated. 

TV. Factors INFLUENCING THE NUTRITIVE VALUE OF FEEDS 

81. Differences in composition of feeding stuffs—The figures given in 
Appendix Table I for the composition of any feed are in most instances 
averages of all analyses of normal samples of that feed which have been 
reported by the various stations. It is obviously important to learn 

what variations from these averages may be expected in the case of 
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samples of a given feed originating in different sections of the country, 
grown in different years, or when gathered at different stages of matu- 

rity. Lack of space prohibits any detailed consideration of this question. 
However, from the mass of data compiled in Appendix Table I, includ- 
ing over 53,000 analyses in all, from all parts of the country, the 
following notes will give a fair idea of the range in the chemical 
composition of typical feeding stuffs. 

It has been found that the composition of a crop may be influenced to 

a limited extent by the amount of available plant food in the soil on 
which the crop is grown. Climatic environment and stage of maturity 
are, however, the most important factors in determining the composition 
of a given feed. Indeed, with some feeds they influence the content of 
nutrients to such a degree that an average of analyses from all sections 

of the country or at all stages of maturity is of little value for any pur- 
pose. Of the cereals, wheat is the most variable in composition, being 
profoundly influenced by climate, especially in its protein content. The 

analyses for this grain from different sections of the country are there- 
fore given separately in Table I. It is there shown that while the aver- 
age crude protein content of wheat from the northern plains states is 
13.5 per ct., wheat from the Atlantic states contains only 11.7 per ct. and 
that from the Pacific states but 9.9 per ct. crude protein. The 
same extended study shows that climate exerts little or no influence on 

the chemical composition of corn, providing the crop matures, the aver- 
age for the various sections showing no appreciable difference in content 
of the several nutrients. Grindley of the Illinois Station® has shown 
that samples of corn and wheat from the same region may vary 10 per 
et. and sometimes even more in their content of protein or fat. The 
nitrogen-free extract is less variable, while fiber shows still larger 
differences than protein or fat. The same general tendencies as to local 
variations hold with the other cereal grains. 

The roughages are even more variable in composition than the cereals, 
owing to the fact that, besides climate, their composition is influenced by 
the stage of maturity, the manner of curing, and the moisture content. 
Analyses of corn fodder and corn stover show a water content ranging 
from over 50 per ct. in field-cured material in wet seasons down to 10 
per ct. or less in arid regions or where cured under cover in a dry season. 
To show the difference in nutritive value of these extremes it may be 
stated that corn fodder or stover containing 10 per ect. water will carry 
80 per ct. more nutrients per 100 lbs. than a sample of the same forage 
containing 50 per et. water! To overcome this error so far as possible, 
separate averages are given for very dry and for ordinary field-cured 
samples of these feeds in Appendix Table I. 

The general rule that immature plants contain a much larger pro- 
portion of crude protein than when mature is well illustrated by analyses 
of samples of alfalfa cut at various stages of maturity by Dinsmore at 

*Tll. Bul. 165. 
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the Nevada Station?® and cured until they were somewhat drier than 

normal hay. The dried alfalfa cut when 3 inches high, a stage at which 
it is often grazed, carried 34.6 per ct. crude protein and only 43.4 per ct. 
total carbohydrates. As the crop matured the protein content of the 
hay therefrom decreased and the carbohydrates increased till the sample 
eut when seed was beginning to form contained only 14.1 per ct. crude 
protein, while the carbohydrates had increased to 68.1 per ct. Immature 
plants usually contain much more water than the same plants when more 

mature. On account of such wide differences in composition the authors 

have, wherever possible, given in Appendix Table I the averages for 
roughages at different stages of maturity. (See averages for corn fodder, 

timothy hay, Kentucky bluegrass, red clover, ete.) 
It is shown in later chapters that as the grasses and legumes mature 

their content of fiber materially increases, and as a consequence the feed 
becomes less digestible and usually of lower value. However, the large 

accumulation of starch which occurs in the corn plant as it ripens gives 
the more mature form of that plant a greater total feeding value. (27) 

If green forage is cured without waste and in a manner to prevent 
fermentation, the mere drying does not lower its digestibility. Ordi- 

narily, however, in curing forage much of the finer and more nutritious 
parts is wasted, and dews, rain, and fermentations effect changes which 
lower digestibility. The large amount of work done in masticating dry 

forage and passing it thru the alimentary tract explains why green 
forage may give better results and hence appears more digestible than 
dry forage. The long storage of fodders, even under favorable condi- 

tions, decreases both their digestibility and palatability. Hay browned 
by heating shows increased digestibility of fiber but decreased diges- 

tibility of crude protein and nitrogen-free extract. 
82. Influence on digestibility of amount of feed eaten.—Animals tend 

to digest their food somewhat more completely when given a maintenance 
ration than when on full feed. This may be due to the more rapid move- 
ment of the food thru the digestive tract or to a less complete absorption 

of the digested nutrients when present in large amount. Jordan™ found 

that sheep digested 4.7 per ct. more of the dry matter when given a half 

ration than when fed a full ration. Mumford, Grindley, Hall, and 
Emmett}? of the Illinois Station, on feeding steers clover hay and corn 
in varying proportions, found that those fed a maintenance ration 

digested 75.4 per ct. of the dry matter; those fed one-half more, 71.6 

per ct.; those fed twice the maintenance ration, 69.4 per ct.; and others 

on full feed, consuming two and one-fourth times as much as the first 

lot, 65.9 per et. of the dry matter of the ration. The difference in diges- 

tibility was greatest in the case of the carbohydrates. The steers on full 

feed digested the crude protein and fat nearly as well as those getting 

the maintenance ration. Eckles'® of the Missouri Station found that the 

Nev. Rpt. 1907. 2Ti1. Bul. 172. 

4N. Y. (Geneva) Bul. 141. 18Mo. Res. Bul. 7. 
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dairy cow digests a maintenance ration somewhat better than a heavy 
ration. Under normal conditions, in feeding farm animals for the 
production of meat, milk, or work, other economic factors, which will be 

treated in later chapters, more than offset the slightly better rn eer 
of feed when a scant ration is fed. 

83. Influence of preparation of feed on digestibility —Grinding, crack- 
ing, and rolling grain increase digestibility only in the ease of hard seeds 
which would otherwise pass thru the digestive tract unbroken, or with 
animals unable to chew their food properly. Jordan** states that erush- 
ing or grinding grain for horses may increase its digestibility as much 

as 14 per ct. In extensive trials at the Iowa Station with 60-lb. pigs, 
Evvard’’ found that grinding or shelling corn did not increase the diges- 
tibility over that for ear corn. With 200-lb. pigs grinding alone 
increased the digestibility 0.8 per ct., and both grinding and soaking 1.9 
per ct. Tho this trial shows a slight advantage from soaking feed, other 

tests show no appreciable gain from soaking or wetting feeds, except 

where such preparation aids in the mastication of unground hard seeds. 
Cutting or chaffing hay or straw does not increase digestibility, but may 
be advisable for other reasons, as is pointed out in Chapter XVI. 

Cooking usually lowers the digestibility of the crude protein of feed- 
ing stuffs. At the Oregon Station,4® Withycombe and Bradley found 
that steaming both vetch and corn silage materially decreased the digesti- 
bility of the crude protein and other nutrients. Cooking, steaming, or 
fermenting food, while often improving its palatability, generally lowers 
its digestibility, tho potatoes and possibly other starchy tubers are im- - 
proved thereby. 

A comparison of the digestion coefficients for various kinds of silage 
with those for the green forages from which the silage was made shows 

that ensiling tends to decrease digestibility. The exceedingly favorable 
results from silage feeding are therefore due to the palatability of the 
silage, its beneficial effect on the health of the animals, and the fact that 
less feed is wasted than when dry fodder is used. 

Neither the frequency of feeding, the time of watering, nor the amount 
of water drank appears to influence digestibility. Moderate exercise 
tends to increase digestibility, but excessive work lowers it. 

The flow of saliva and the other digestive juices is checked by fright. 

On the other hand, kind treatment and palatability of food should 
favorably influence digestion. Under skillful care animals show remark- 
able relish for their food, and it is reasonable to conclude that better 
digestion ensues, tho no confirmatory data can be given. 

84. Influence of proportion of the several nutrients.—The addition of 
a large quantity of easily digested carbohydrates, such as sugar and 
starch, to a ration containing much roughage may reduce the diges- 
tibility of its crude protein, fiber, and nitrogen-free extract. According 

“The Feeding of Animals, p. 1338. Ore. Bul. 102. 

“Information to the authors, 
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to Kellner,’ such depression of digestibility oceurs with ruminants when 
less than 1 part of digestible crude protein is present to every 8 parts of 

digestible non-nitrogenous nutrients (carbohydrates plus fat X 2.25). 

With swine the nutritive ratio may be wider before the digestibility is 
affected. An explanation offered for such depression of digestibility is 
that when a large proportion of soluble or easily digested carbohydrates 

are fed, the bacteria in the digestive tract which normally decompose 
cellulose to secure food then attack instead the more readily available 

sugars or starch. (40) Not only is the digestibility of the cellulose, or 

fiber, consequently lowered, but also that of the crude protein and 
nitrogen-free extract, for the unattacked cellulose cell walls protect the 
proteins and carbohydrates contained therein from the action of the 
digestive juices. This depression does not occur when nitrogenous feeds, 
such as oil meal, are added along with the starch or sugar, thus preserv- 
ing the balance between protein and non-nitrogenous nutrients. It is 
assumed that this is due to a stimulation of the bacteria by the addition 
of more protein, so that, invigorated, they attack the fiber of the food 

again. 
Adding nitrogenous feeds to roughages, such as hay, straw, etc., does 

not increase the digestibility of the roughage. Neither does the addition 

of fat to a ration increase the digestibility of the other constituents. 
Kellner’ states that supplying fat in excess of 1 lb. per 1,000 lbs. live 

weight or feeding pure fat or oil in unemulsified form may cause diges- 
tive disturbance. Salt does not affect digestion, tho it may cause animals 

to eat more food and may improve nutrition. 
The addition of dilute acids, such as sulphuric acid or lactic acid (the 

chief acid in sour milk and in silage), does not influence digestibility. 

This is important in view of the fact that silage contains considerable 
free acid. 

85. Class of animal, age, and breed.w~Ruminants—the ox, cow, sheep— 

digest the same kind of forage about equally well. Kellner,’ however, 

shows that the ox is able to digest as much as 11 per et. more of the less 
digestible roughages, such as straw, than is the sheep. He ascribes this 
difference to the fact that the contents of the last part of the intestine of 
the ox remain more watery and hence are subject to more complete fer- 

mentation. The more easily digested a feeding stuff is, the less difference 
will there be in its digestion by these various animals. For the great 

majority of feeding stuffs the same digestion coefficients may be used for 
the sheep and ox. 

The horse and pig digest less fiber than the ruminant, in whose paunch 
the coarse feeds undergo special preparation and digestion. The richer 
the feed, the more nearly do the digestive powers of the horse approach 
those of other farm animals. Swine digest the concentrates fully as well 
as do the ruminants, but make only small use of the fiber. 

7 Wrndhr. landw. Nutztiere, 1907, p. 55. Land. Vers. Stat., 63, 1906, p. 3138. 

18 Wrndhbr. landw. Nutztiere, 1907, p. 51. 
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In general, age does not, in itself, influence digestibility, tho young 
farm animals cannot utilize much roughage until their digestive tracts 
are developed. Evvard found at the Iowa Station*® that while 200-lb. 
pigs digested ground corn as completely as did 60-lb. pigs, they digested 
1.58 per ct. less of the dry matter of shelled corn than did the younger 
pigs. This small difference was probably due to less thoro mastication of 

the shelled corn by the older pigs. The digestion of old animals is often 

indirectly impaired by poor teeth, which make the proper mastication of 
their food impossible. Breed has no influence upon digestibility. In- 
dividual animals may, however, show considerable difference in their 
ability to digest the same ration, tho ordinarily the digestibility of a 
given ration by different animals of the same race will not vary by more 
than 3 to 4 per et." 

86. Summary.—The foregoing discussions make it evident that average 
figures for the composition of any feeding stuff are but approximately 
correct when applied to a particular lot of the feed. This likewise ap- 
plies to the expression of its nutritive value, whether stated in terms of 
digestible nutrients or net energy. In other words, different lots of any 
feeding stuff vary in feeding value, the same as different samples of coal 
vary in fuel value. Owing to the expense of obtaining analyses it is out 
of the question for any but the most extensive feeders to have their 
particular feeds analyzed, just as only the large manufacturer can afford 
to have samples of coal analyzed to determine their fuel value before 
purchasing. With the cereals and the roughages the general feeder must, 

therefore, rely on that average given in tables of digestible nutrients or 
net energy which corresponds most closely in his judgment to the feed 
at hand. In purchasing commercial concentrates, now sold in vast 
quantities everywhere, it is now fortunately possible in most sections of 

the country to secure standard brands, whose composition is fully guar- 
anteed by the manufacturer. (Chapter XI) 

*Information to the authors. 
Kellner, Ernahr, landw. Nutztiere, 1907, p. 46 



CHAPTER IV 

MAINTENANCE OF FARM ANIMALS 

I. REQUIREMENTS FoR Bopy FUEL 

Farm animals are supplied with food in order that they may convert 

it into such products as meat, milk, wool, and work, which are useful to 

man. However, as Armsby? points out, just as a factory must be sup- 
plied with power sufficient to keep the machinery in motion before any 
product can be turned out, to make continued production possible with 
the animal, enough food must first be provided to maintain all essential 
life processes. This amount of food, which is required merely to support 
the animal when doing no work and yielding no material product, is 
called the maintenance ration. A respiration trial conducted with an 
animal receiving a maintenance ration would show that the body was 
neither gaining nor losing protein, fat, carbohydrates, or ash. (71) 

On the average, fully one-half of all the feed consumed by farm 
animals is used simply for maintenance, only the remaining half being 
turned into useful products. Knowing this, the intelligent feeder will 
realize that it 1s as important to understand the principles governing the 
maintenance requirements of his animals as those controlling the produe- 
tion of meat, milk, or work. The determination of the minimum amount 
of nutrients required for maintenance is also of great scientific impor- 
tance, for it is impossible to find the true relative value of feeding stuffs 
for production without first subtracting the amounts used in mere 
maintenance. 

To maintain an animal at rest sufficient food must be supplied to 
furnish: (1) Fuel to maintain the body temperature; (2) energy to 
carry on such vital processes as the work of the heart, lungs, ete.; (3) 
protein to repair the small daily waste of nitrogenous tissues; (4) 
mineral matter to replace the small but continuous loss of these materials 

from the body. Since the greater part of the food in a maintenance 
ration serves simply as fuel to maintain the body temperature, we will 
first show how the animal body is warmed and discuss its fuel require- 
ments. 

87. Body temperature.—While cold-blooded animals maintain their 
temperature but little above that of the surrounding air or water, the 
temperature of warm-blooded animals is usually much higher than that 
of the air. As shown in the following table the normal temperature of 
farm animals ranges from 98.4° to 105.4° F., a height which the air 
reaches only during the hottest summer days. It is therefore evident that 

1Penn. Bul. 111. 
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heat must be continuously produced within the body to maintain these 
temperatures. 

Normal temperatures of farm animals 
Deg. Cent. Deg. Fahr. 

LOLSOM ET NTR ee tp Yas re ies 36 .9-38 .2 98 .4-100.8 
(OBR 9 5 do Uhbte DESI AP INIA ar le a ea 38 .0-39 .3 100 .4-102 .8 
SIGS) 4g J ek ee aeRO Ot: a i ee -.. 38.441.0 101 .8-105 .8 
IOP EME ut aiAicra Chota sae Oye Sos toneee oietaiiers 38 .2-40 .7 100 .9-105 .4 

The normal temperature of different animals of the same species may 
vary considerably, as is shown by the table. On the other hand, the 

temperature of an individual animal, if healthy, varies only within a 
narrow limit, a departure of even 1 degree from normal with farm 
animals generally indicating some bodily derangement. 

88. Heat production—Heat is produced by all the decompositions or 
oxidations taking place in the body, whether of food yet within the 

digestive tract or of nutrients in the muscular tissues or the glands. 
We have seen that much heat may be evolved, especially with ruminants, 
in the decomposition of cellulose and other plant compounds in the 
digestive tract. (80) The remainder is produced in the tissues of the 
body by the following processes: Thru breathing, the oxygen of the air 
is brought to the blood. Floating in the blood stream are myriads of 
microscopic bodies, called red blood corpuscles, which owe their color 
to hemoglobin, an iron-containing protein. This hemoglobin absorbs 

the oxygen and holds it loosely. As the oxygen-laden blood permeates 

the capillary system it gives up the oxygen to the living body cells, where 
it is used for the combustion of a portion of the body nutrients with 
the result that heat is formed. 

Unlike the burning of fuel in a stove, the oxidations in the body take 
place at a low temperature. As a result of the combustion in the body, 
where before there were glucoses, fats, and proteins in the tissues, there 
now remain carbonic acid gas, water, and urea, the latter substance rep- 
resenting the principal nitrogenous waste of the protein nutrients. In 
still another respect body oxidations differ radically from ordinary 
burning of fuel. In a furnace the wider the draft is opened, increasing 
the supply of oxygen, the more rapid will be the combustion. In the 

body, however, so long as there is a normal supply of oxygen the rate of 

burning of the food nutrients is independent of the supply of air. Hence 
the greater intake of oxygen in unusually deep breathing will not in 

itself cause an increase in heat production, tho the increased muscular 
work in such breathing may lead to an increased production of heat. 

As we have seen before (80), all the energy expended in the various 

forms of internal work of the body is finally transformed into heat. 

Even with such an easily masticated and digested feed as corn, over 

one-third of the total energy which the digestible nutrients furnish 
is converted into heat in the internal work of masticating, digesting, and 

assimilating the feed. This proportion is much higher with the rough- 
ages, such as hay and straw, which demand more energy for mastication 
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and digestion. Tho this energy is lost so far as useful production is 
concerned, the heat evolved helps maintain the body temperature. With 
animals exercising normally, the larger part of the body heat is gen- 

erated in the muscular tissues, since all muscular contraction is brought 
about by the oxidation or burning of body nutrients. Even when the 
muscles are not actively contracting, heat is being generated in them. 

The heat produced in the various parts of the body is more or less 

equalized, chiefly by the circulation of the blood. Generally, however, 
the temperature in the different parts varies somewhat according to 
their activities. 

89. Production of heat in starvation.—When food is withheld from an 
animal, the heat needed to warm the body, the energy required to carry 

on the vital processes, and the protein and mineral matter necessary 
for the repair of the active tissues must all come from nutrients pre- 
viously stored within the body. The small supply of glycogen in the 
liver and muscles is probably first used as fuel, but this 1s soon’ gone. (60) 
Fat is the animal’s chief reserve fuel, stored when food is abundant, 

against times of scarcity, and is therefore the main source of both heat 
and energy during starvation. When the supply of fat begins to fail, 
the muscles and other protein tissues are broken down more rapidly to 
furnish heat and energy, and the animal finally perishes thru the 
impairment of its organs and the lack of body fuel to carry on the 
functions of life. Carnivora, or flesh-eating animals, withstand hunger 
longer than herbivora. While dogs and eats have lived until their 
weights were decreased 33 to 40 per ct., horses and ruminants will die 
when their weight has been reduced 20 to 25 per ct.2. Men have volun- 
tarily fasted for over a month, and dogs have survived fasts of from 

90 to 117 days without permanent ill effects.* The age of the animal 

also influences the time at which death occurs from starvation, young 
animals losing weight more rapidly and dying after a smaller loss of 

weight than old ones.* 
90. Heat regulation—If heat were lost from the body by radiation 

only, as from a warm stone, it would be impossible for the animal to 
keep its temperature constant under varying external conditions and 
with daily supplies of food differing in amount and heat producing 
power. The body, however, possesses most effective means for con- 
trolling both the production and the loss of heat, this two-fold regulation 
being under the control of the nervous system. 

The production of heat is regulated by increasing or decreasing the 
oxidations taking place in the body. The amount of heat generated is 
controlled more or less voluntarily by regulating the exercise taken 

and the amount of food consumed. Experience reminds us that on cold 

2M. Wilckens in v. d. Goltz, Hand. d. ges. Landw., III, p. 88. 

2Armsby, Penn. Bul. 111; Howe, Mattill, and Hawk, Jour. Biol. Chem., 10, 1911, 
pp. 417-4382. ’ 

*Halliburton, Chem. Physiol., p. 834. 
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days we eat more heartily and walk more briskly than in warm weather. 

The degree of external heat or cold also causes an involuntary rise 

or fall in heat production. The shivering of a chilled animal is the 
outward manifestation of increased muscular contraction, started solely 
to produce more heat. 

Controlling the amount of heat lost from the body is the second means 
of heat regulation. This is accomplished in part by varying the dis- 
tribution of the blood on the surface of the body, and thus controlling 
the amount of heat lost from the skin by radiation and conduction. 

The loss of heat is further regulated by the production of sweat 
and the vaporization of water from the lungs. The clothing of man 
and the thick skin, hair, wool, and feathers of animals also check and 

control the loss of heat. 
According to Howell,’ the heat lost from the human body escapes 

as follows: 
Avenues of escape of heat from human body 

Per ct. 
heat lost 

ES VMMLIITICLATICITC CES aha erce tt. cite ntsc. Mirco sha teraitiags aka) dias cetera eee re clase : 
PAW RII OOXP Ire AIT Yisyven, Capes vies Gace dace itis lg’ ae dua stare. ev alaner ort 3.5 
By vaporizing water from lungs................. YA oR een Eee ea 7.2 
Byaevaporationvobswaten tromiskinias 05 5 cers ates cise cies cielen ete 14.5 
Byeraciation and conduction trom skint jer. cere ae seer aiee coe 73.0 

GLa ee men ere, ME Manet ai nicely Soictocedsasbial eit leaves ale 100 

The relative importance of these channels of heat loss depends upon 

various conditions and upon the species of animal. Animals that do 
not sweat give off more heat by the lungs and less by the skin. In pro- 

portion to their weight, small animals lose more heat by radiation than 
do larger ones of the same species. High external temperature tends 
to diminish the loss by radiation and increase that due to evaporation 
from the skin or vaporization from the lungs. Violent exercise calls for 
the rapid burning of food and tissue fuel, with a consequent increase 
of body heat. This heat passes off thru the more rapid breathing and 
the increased losses from the skin. 

Because the loss of heat is largely controlled by the clothing he wears, 
man has, in some measure, lost his power of heat regulation. With many 

of the warm-blooded animals, however, this power is highly developed, 
as is shown by Rubner,® who determined the heat lost by a small dog 
at various air temperatures, before and after removing his coat of long 
hair. Before the dog was clipped lowering the temperature from 86° 
to 68° F. caused no increase in the loss of heat. After clipping, however, 
this change in temperature caused a 58 per ct. greater loss of heat. 

91. Heat and energy required for maintenance.—Experiments have 
shown that with a mature animal being maintained at rest in the stall 
the requirement for fuel to keep up the body temperature ordinarily 

’Text Book of Physiol., 1907, p. 861. 

®Gesetze des Hnergieverbrauchs, 1902, p. 14. 
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greatly exceeds the amount of net energy needed for the internal work 

of the body organs.‘ As will be shown later (448), Zuntz found that to 
maintain the horse at rest only one-third of the total energy of the 
ration need be supphed in the form of net energy, the remainder serving 

simply as body fuel. Uenee, excepting for the pig, the maintenance 
ration of farm animals may consist largely of roughages, such as hay 
and straw, which furnish abundant heat, but do not yield much net 
energy. (78-80) Since the ration must furnish at least a minimum 
amount of net energy, animals cannot be maintained on such feeds as 
wheat straw alone, which furnish no net energy to the horse and but 

little to the ruminant. 
Due to differences in temperament there is considerable variation in 

the maintenance requirements of different individuals of the same size 
and species, kept under the same conditions. As restlessness causes 
greater muscular activity and thereby uses up more body fuel, a quiet 
animal requires less food for maintenance than a nervous, active one. 
During experiments with a horse in a respiration chamber, Zuntz and 
Hagemann® found that the presence of flies caused the animal to give 
off over 10 per ct. more carbonic acid gas than normally, which means 
that this much more food fuel was burned. Armsby® found that the ox 

in the respiration calorimeter produced over 30 per ct. more heat when 

standing than when lying down. Some of this additional heat was 
undoubtedly produced thru the work of maintaining the body upright, 

but the larger part was due to the greater muscular movement of the 
animal when standing. Kellner’? shows that the ox in good condition, 
especially when fat, requires a larger ration for maintenance than a 
lean one of the same body surface. 

The loss of heat and energy from the body is not proportional to 
the size or weight of the animal, but rather to the body surface. This is 
shown by Rubner,1! who determined the quantity of heat given off daily 

by fasting dogs of different sizes but in the same bodily condition, as 
reported in the following table: 

Heat given off by fasting dogs of different sizes 

Heat lost daily 

Body weight Body surface 
Per kgm. wt. Per sq. m. surface 

Kegms. Sq. m. Cal. Cal. 

33 PA 0.24 88.1 1212 

6.5 0.37 66.1 1153 
9.6 0.53 Oo, 1183 

18 .2 One 46 .2 1097 
24 .0 0.88 40.9 1112 
oileee 1.07 36 .6 1036 

7Kellner, Ernahr. Jandw. Nutztiere, 1907, p. 405. 

8TLandw. Jahrb., 23, 1894, p. 161. 

°Proc. Soc. Prom: Agr. Sci., 1902; Proc. Amer. Soc. Anim. Prod., 1914, 
~Landw. Vers. Stat., 50, 1898, p. 245; 53, 1900, p. 14. 

1 Ztschr. Biol., 19, 1883, p. 535. 
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It is shown that while the heat lost daily per square meter of body 
surface remained nearly constant, the larger the animal the smaller 

was the daily loss per kilo of body weight. This is because large bodies 
have less surface in proportion to their weight than small ones, and the 
loss of heat from the body is largely determined by its relative surface. 
Hence maintenance rations should be proportional to the surface of the 
body rather than its weight. Since it is difficult to actually measure the 
surface of an animal’s body, the maintenance ration for animals of dif- 
ferent sizes may be computed by the well-known geometrical law that the 
surfaces of solids are proportional to the squares of the cube roots of 

their weights. 
The rate at which heat is lost from the body by radiation also depends 

on the difference between the air temperature and the body temperature. 
Exposure to cold winds, especially with animals having scant coats, 
ereatly increases the radiation of heat. Animals with coats wet by cold 
rain or snow lose additional heat from their bodies, for the cold water 
which falls on them must be warmed and evaporated by heat generated 

thru the burning of food. With the well-fed fattening animal, the 
ereater loss of heat thru these causes may not produce any waste of 

food, for much more heat is being generated in the mastication, diges- 

tion, and assimilation of the heavy ration than is normally needed to 
warm the body. In the case of animals on a maintenance ration, whose 

ehief demand is for body fuel, such exposure will necessitate an increased 

consumption of feed to serve as fuel. On the other hand, too high a stable 
temperature leads to loss of appetite and induces sweating. 

Il. REQUIREMENTS FOR PROTEIN 

92. Protein waste from the body.—In view of the high cost and relative 
scarcity of crude protein in feeding stuffs, it is important to know the 
minimum amount of this nutrient required for maintenance. There 
is at all times an excretion of nitrogen from the animal body by way 
of the urine. With a well-nourished animal this excretion is relatively 
large, the amount depending chiefly upon the quantity of nitrogen sup- 
plied in the food. If all food is withheld from such an animal, the nitro- 
gen excretion decreases rapidly at first, until the supply of amino acids 
in the blood and tissues, which have not yet been built into body protein, 
is lowered to a minimum. The nitrogen waste in the urine then slowly 
decreases until it reaches a level which remains quite constant so long 
as heat and energy are furnished by the body fat. When the supply 
of the latter begins to fail, the muscles and other protein tissues must 
thereafter not only furnish protein for the repair of the vital body 
machinery but must also supply the necessary heat and energy; conse- 
quently they waste more rapidly until death follows. 
When animals are fed exclusively on nitrogen-free nutrients, such as 

the sugars, starches, fats, ete., the waste of fat from the body is materially 
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lessened, and the waste of the nitrogenous tissues of the body, such as 
the muscles, is somewhat reduced, tho not entirely stopped. On account 
of this sparing of the body substances, animals forced to live on such 
diet survive longer than those wholly deprived of food. Yet because of 
the continuous small waste of protein from the tissues of the body, 

animals nourished solely on fats and carbohydrates cannot long survive. 

93. Feeding protein alone.—We might expect that when protein only 

is fed to a fasting animal, in an amount corresponding to the quantity 
lost daily during starvation, it would replace the protein wasted from 

the tissues, and the animal thus be brought to nitrogen equilibrium; that 
is, it would exerete as much, but no more, nitrogen than was contained 
in the food. However, when protein is fed under such conditions, the 
amount of nitrogen excreted at once rises, and tho the loss of nitrogen 

from the tissues is reduced, nitrogen equilibrium is not reached. When 
practically pure protein is fed, the loss of nitrogen can be checked only 
if the supply is far in excess of the waste from the starving body. It is 
assumed that this increase in nitrogenous waste when protein is fed in 
such large proportion is due to a flooding of the tissues with amino 
acids, the products of protein digestion, and a consequent stimulation 
of the activities of the body eells. (11, 49) However, the food protein so 

decomposed is not entirely lost to the animal. Not only may it be burned 
as body fuel, thus saving the body fat, but, after the splitting of the 
nitrogen from the molecules of protein or of amino acids, the non-nitroge- 
nous residue which remains may be converted into glucose and finally 

into glycogen or fat. Carnivora, or flesh-eating animals, have lived for 
long periods on washed lean meat, consisting chiefly of protein, with 
only a small amount of fat and a trace of glycogen. Since plant tissue 
is rich in carbohydrates, such experiments have not been possible with 

the herbivora, or plant-eating animals. 
94. Protein required for maintenance.—The preceding discussions have 

pointed out the functions of protein in the body under various condi- 
tions. Let us now pass to a question of much practical importance—the 
amount of protein required to maintain animals at rest, when fed along 
with sufficient carbohydrates or fats to meet the needs of the body for 
fuel. When enough of these nitrogen-free nutrients is supplied, the 
amount of protein required to bring an animal into nitrogen equilibrium 

is much less than where the ration is nearly pure protein. In trials with 

dogs Voit!? found that from 2.6 to 3.3 Ibs. of lean meat per day was 
required to check the loss of protein from the body when lean meat was 
fed alone—practically an exclusive protein diet. When carbohydrates 

or fat was added, only one-half to one-third as much lean meat was 
needed. Since the digestible portion of the crude fiber and hkewise of 
the pentosans can serve as body fuel (48), these nutrients to some degree 

decrease the waste of nitrogen in the same manner as does a supply of 
the more easily digested sugars and starch. 

Experiments show that a pound of carbohydrates has somewhat greater 

27tschr. Biol., 5, 1869, p. 352. 
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protein-sparing action than a pound of fat, a surprising fact when we 
remember that, on burning, fat produces over twice as much energy as 
do carbohydrates. (70) Evidently there is no relation between the fuel 

values of these nutrients and their protein-sparing power. Landegren™ 
explains this superiority of carbohydrates over fat as follows: For the 
carrying on of their normal functions, living cells need a certain mini- 
mum not only of protein but also of carbohydrates, especially glucose. 

When carbohydrates are not supplied, the body forms the necessary 
glucose by decomposing protein. So long, however, as there is an ample 

supply of carbohydrates in the food, protein is not used for this purpose. 
As the body can form carbohydrates from fat only with great difficulty, 

if at all, the fats are less potent than the carbohydrates in checking the 
protein wastes in the body. 
By feeding rations ample in carbohydrates and fat, some investigators 

have succeeded in reducing the requirement of nitrogenous matter to 
slightly more than the normal nitrogen waste of the body during starva- 
tion. At the Pennsylvania Station'* Armsby found in experiments with 
steers, covering 70 days, that from 0.4 to 0.6 lb. of digestible protein 
daily per 1000 lbs. of live weight was sufficient to maintain the nitrogen 
equilibrium. Contrary to the observations of some of the earlier inves- 
tigators, no ill effects followed this small supply of protein. Wintering 
eattle on feeds poor in crude protein—straw, inferior hay, corn stover, 
ete.—as practiced by many farmers, confirms this finding. 

In general, it is not wise to supply only the theoretical minimum of 
protein to animals for extended periods for the following reasons: As 
we have seen (81, 85), it is essential to make some allowance for the 
difference in composition of feeding stuffs and the varying capacities of 
animals to digest and utilize the nutrients in the ration. Besides supply- 
ing protein to replace the daily waste from the organs of the body, suffi- 
cient must also be given to maintain the growth of the nitrogenous hair, 
hoofs, wool, ete. When the ration has too wide a nutritive ratio, the 
digestibility of the feed is decreased. Moreover, certain proteins of 
unbalanced composition fed as the sole source of nitrogen will not suffice 
to maintain an animal. For example, in numerous experiments animals 

have never been maintained successfully on gelatin, which lacks 2 amino 
acids and contains only small amounts of others. As we have little 
knowledge concerning possible deficiencies in the mixture of proteins 
supplied in the different individual feeding stuffs, it is advisable to make 
allowance for waste which may occur if the feed contains low amounts 

of some of the amino acids essential for maintenance. It is also a well- 
known fact that in general protein is a cell stimulant, and a supply 
somewhat above the minimum promotes the well-being of the animal. 

The wisdom of not attempting to limit the protein supply to the theo- 
retical minimum for long periods is shown by the experience of Haecker*® 
of the Minnesota Station. During many years of patient study he found 

183Skand. Archiv. Physiol., 14, 1903, p. 112. 
44Principles of Animal Nutrition, 19038, p. 142. 
Minn. Buls. 71, 79, 140. 
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that dairy cows under good care and otherwise liberal feeding would for 
long periods continue a good flow of milk on a surprisingly small allow- 
ance of crude protein. After some years of such feeding, however, their 
vitality was so depleted that they became physical wrecks long before 
their time. These studies led Haecker to raise his crude protein standard 
for the dairy cow above his earlier allowance, tho such allowance is still 
below the Wolff-Lehmann standard, as is shown elsewhere. (182) 

Even when sufficient protein is fed to insure good health, the amount 
required to maintain mature resting animals is not large compared with 
the need of carbohydrates and fat for body fuel. Maintenance rations 
for such animals may therefore have a relatively wide nutritive ratio. 
For example, Kellner recommends for the maintenance of the mature ox 
at rest a supply of 0.6 to 0.8 Ib. of digestible protein and 7.7 to 9.7 lbs. 
of digestible non-nitrogenous nutrients (including fat X 2.25). (170) 
Armsby places the requirement of the horse somewhat higher, as is shown 
later. (172) 

95. Can amids replace proteins ?—Whether the functions of protein in 
the body can be filled by the group of nitrogenous compounds, more 
simple than the true proteins, which are included under the term amids 
(11), is a disputed question among scientists. In the light of recent 
experiments, which have shown that even certain true proteins are in- 
sufficient for maintenance or growth when fed alone, it is not surprising 
that single pure amids have failed to fulfill the functions of food protein. 
Thus numerous experiments have shown that animals cannot be main- 
tained on asparagin, an amid, as the sole source of nitrogen. Tho they 
cannot replace protein, such amids, even when fed in pure form, furnish 
energy to the body. 
We have seen (49), that all the digested food protein is broken down 

into amino acids and absorbed as such from the intestine, being later 

rebuilt into body protein. With this in mind it is reasonable to hold that 
if the mixture of amids in a feeding stuff contains all of the amino acids 
(the protein building-stones) needed to form body protein, these amids | 
can be used in the same manner as true protein for the repair of body 
tissue or for the formation of new protein tissue. This belief is supported 

_ by the following: 
Nearly half the nitrogen in corn silage, and about 15 per et. of that 

in dried corn forage, is in amid form. Yet, based on dry matter, corn 
silage is somewhat more valuable than corn forage as a feed for dairy 
cows, which require a liberal supply of crude protein. (630) The amids 
are abundant in grass, roots, and silage, all of which are especially useful 
to growing or pregnant animals and to those producing milk and wool 

TIT. REQUIREMENTS FoR MINERAL MATTER 

96. Importance of mineral matter—That the ash of feeding stuffs is 
of the greatest importance to animals is shown by feeding them rations 
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freed as far as possible from mineral matter, in which case they die of 

mineral starvation. Indeed, animals thus fed generally perish sooner 
than when no food is given. During such starvation the nervous system 
first suffers in a perceptible manner; marked weakness of the limbs, 

trembling of the muscles, convulsions, and great excitability result.?® 

Mineral matter is found in all the vital parts of the body. The nuclei 
of all cells are rich in phosphorus, and the skeleton is composed largely of 
ealcium (lime) combined with phosphorus. Blood deprived of its eal- 
cium does not clot. The blood serum is rich in common salt and other 
salts of sodium, while the red blood corpuscles are rich in potassium 

compounds. The power of the blood to carry oxygen is due to hemo- 
globin, an iron-protein compound in the red corpuscles. In the stomach 
the pepsin acts only in the presence of an acid, normally hydrochloric, 
derived from the salts of this acid present in the blood. 

97. Mineral salts control life processes—In some mysterious manner, 

possibly by carrying electric charges which stimulate the body cells,” 

the mineral salts of the body direct its various vital processes. A simple 
experiment often performed in the laboratory will illustrate the im- 

portant functions of the mineral elements in life. If the heart, still 
beating, is removed from a frog and placed in a solution of pure sodium 
chlorid (common salt), its beats soon fade out. Now if a small amount 

of a calcium salt (lime) be added to the solution, the heart will at once 

begin to beat again, and will continue in rhythmical contraction for 
several hours. Unless a small amount of a potassium salt is likewise 

added, the beat will not, however, be normal, the heart failing to relax 
quickly and completely enough after each contraction. Therefore, if 

potassium is not added the relaxations become more and more feeble, 
until the heart stops in a contracted state. Not only must potassium be 
present, but there must be a correct proportion between the amounts of 

ealcium and potassium. If too much potassium is added, the heart will 
fail to contract properly, and finally will again stop beating, but this 
time in a state of complete relaxation. 

Similarly, the other vital processes are dependent not only on the 

presence of various mineral salts, but also on a proper relationship be- 
tween them. Therefore it will be seen that unless the amount of these 
mineral salts in the blood is kept normal, serious consequences will follow. 

In large measure the kidneys protect the animal against an unbalanced 

mineral matter content in the blood by promptly excreting any excess of 

various salts which may be present. However, when the food continu- 
ally furnishes the blood an unbalanced salt mixture, the kidneys may be 
unable to keep the blood composition normal, with resultant injury to 
the animal. For instance, magnesium and calcium seem antagonistic in 
their action, and in voiding the excess of magnesium the body loses 

ealecium. Given in excessive amount for long periods, feeds which con- 
tain much magnesium in proportion to calcium, such as wheat bran and 

6 Kellner, Ernahr. landw. Nutztiere, 1907, p. 169. 

* Forbes, Ohio Tech. Bul. 5. 
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middlings, are said to cause a weakening of the bones, leading to such 

troubles as ‘‘bran disease’’ or ‘‘miller’s horse rickets.’’ 
Appendix Table VI sets forth the mineral constituents of feeding 

stuffs so far as it has been possible to secure them. 
98. Calcium and phosphorus.—Large amounts of calcium (lime) are 

deposited in the bones of animals, chiefly as phosphate and in smaller 

amount as carbonate. Indeed, over 90 per ct. of the ash of bone is 
ealcium and phosphorus. It is not surprising, therefore, that a long- 

continued lack of calcium or of phosphorus in the food is harmful to the 

skeleton. 
Hart, McCollum, and Humphrey of the Wisconsin Station's have 

shown that the animal skeleton acts as a reserve storehouse of mineral 
matter, doling out calcium, phosphorus, etc., when the supply in the food 

is below requirements, in order that the metabolic processes of the body 
may be maintained. Under such conditions the calcium and phosphorus 
in the flesh and other soft parts remain as high as in animals liberally 
supplied with these mineral matters. These investigators found that a 
cow fed a ration deficient in caleium during 3.5 months gave off 5.5 Ibs. 
more calcium in milk and excrement than was in the food. This was 
fully 25 per ect. of all the calcium in her body, including the skeleton, 

-at the beginning of the trial. 
Such withdrawal of mineral matter from the skeleton produces 

porosity and brittleness of bone. In certain localities where the hay 

and other roughages are especially low in calcium and phosphorus,”® 

farm animals are so affected by the lack of these mineral substances that 

their bones are broken easily and in seemingly inexplicable ways. Often 

this brittleness of bone is noticeable only in years when the normal ab- 

sorption of calcium and phosphorus by the roots of plants is hindered 

by drought. Of grown animals, those carrying their young are most apt 

to suffer from the lack of these substances, since considerable amounts 

are deposited in the fetus. Growing animals whose bones are rapidly 

increasing in size suffer from a lack of calcium or phosphorus sooner 

than grown animals. Voit? found that young animals receiving a ra- 

tion low in calcium are soon attacked by rickets, the joints swelling, the 

limbs and the spinal column becoming crooked, the teeth remaining small 

and soft, and the animal finally being unable to walk. Pigs, because of 

restricted diet, suffer from insufficient calcium and phosphorus more 

often than do calves, colts, and lambs, which usually receive enough of 

these mineral matters in their hay and other food. 

The superior value of such leguminous roughages as clover, alfalfa, 

and cowpea hay for farm animals has in the past been ascribed to their 

high content of protein. Ingle** holds that in such concentrates as lin- 

8 Wis. Research Bul. 5; Am. Jour. Physiol., 1909. 

” Kellner, Ernahr. landw. Nutztiere, 1907, p. 185. 

»Ztschr. Biol., 16, 1880, p. 70. 

21 Jour. of Comparative Pathology and Therapeutics, Mar., 1907. 
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seed oil cake, Indian corn, oats, wheat, and barley, and in such roots and 
roughages as turnips, swedes, mangels, corn stover, wheat straw, etc., 

there is generally an excess of phosphorus over calcium, or lime. He 
holds that this excess of phosphorus tends to waste or carry the calcium 
out of the body to an excessive degree and is therefore unfavorable to 
normal nutrition. The leguminous roughages contain a large excess of 

calcium over phosphorus, and accordingly supplying legumes with the 
other feeds named makes good such wastage of calcium. To this high 
content of calcium as well as to the high protein content we must here- 

after ascribe the beneficial effects of clover, alfalfa, vetch, and other 
leguminous roughages on the growth, milk yield, and bone development 
of farm animals. 

99. Mineral requirements for maintenance.—It is probable that, by 
reason of its perfection, the animal organism is able to use many of the 
mineral substances over and over for the same functions, taking them 
back into the circulation again after they have once been used. In spite 
of this frugal economy, however, losses of mineral matter from the body 

constantly oceur, even during starvation. Ordinarily the rations of farm 

animals contain all the necessary mineral matters, at least in small 

quantities, and since the body retains them with great tenacity when the 
supply is meager, these small amounts usually suffice, especially for 

mature animals. Common salt, calcium (lime), and phosphorus are 
often needed in such large amounts that they may fall short in certain 

rations, and hence must be added, if normal results are to be obtained. 

As is shown later (119), young growing animals require larger supplies 

of mineral matter than those which are full-grown; hence more care 
should be taken to provide a liberal allowance, especially of lime and 
phosphorus. 

In forming rations the calcium and phosphorus content of the feeds 
should be considered. Straw, chaff, the various root crops, molasses, and 
the cereals and their by-products, such as bran and middlings, are low 
in calcium. On the other hand, the legumes, as clover, alfalfa, ete., the 

meadow grasses, and many leguminous seeds, such as peas, beans, ete., 
are high in calcium. Straw, chaff, beet pulp, potatoes, and molasses are 
low in phosphorus, while the cereals and brans, malt sprouts, oil cakes, 

brewers’ grains, slaughter-house and fish waste carry it in abundance. 
Where soft water is drunk, there may be a lack of calcium only; in other 
regions both calcium and phosphorus may be deficient. 

100. Inorganic phosphorus.—A considerable part of the phosphorus of 

common feeding stuffs is present in the proteins, the phosphorus-con- 
taining fatty substances, and other organic compounds. A higher nutri- 
tive value has often been ascribed by scientists to phosphorus in these 
compounds than to phosphorus in such materials as ground rock phos- 
phate, ground bones, or bone ash, which contain phosphorus in inorganic 
form, like phosphate of calcium. These materials are the cheapest forms 
in which phosphorus can be added to a ration deficient in this mineral 
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nutrient. The question as to whether animals can assimilate inorganic 
phosphorus and whether the body can use it for all purposes which 
organic phosphorus serves, are therefore questions to which scientists 
have devoted much study. 

Kohler** found that lambs can assimilate and use calcium phosphate, 

bone ash, and steamed bone. J. Neumann** fed calcium carbonate and 
ealcium phosphate to calves with good results. Experiments at 

Mockern** indicate beneficial results from the use of 30 to 50 grams of 
calcium phosphate in the daily ration of steers which had shown marked 
brittleness of bone. At the Wisconsin Station,?® Hart, McCollum, and 

Fuller found that pigs were able to assimilate inorganic phosphorus sup- 
plied in the form of precipitated calcium phosphate, bone ash, or ground 

rock phosphate, and that the addition cf such phosphorus to a ration 
low in phosphorus caused increased bone formation. From 5 experi- 

ments with growing pigs, in which either inorganic phosphates or phos- 
phorus in organic forms were added to rations low in phosphorus, 
Forbes** of the Ohio Station concludes that the inorganic phosphates 
were absorbed and retained, and apparently utilized for growth in the 
same manner as the phosphorus in organic form. 

We may therefore conclude that when a ration must be used which 

is deficient in calcium or phosphorus, calcium may be supplied in the 

form of calcium carbonate in wood ashes or ground limestone, or phos- 

phorus and calcium in the form of precipitated calcium phosphate, bone 
ash, or ground rock phosphate. This latter is by far the cheapest form 
of phosphorus easily available for such purposes. 

101. Common salt.—The hunger of herbivorous animals for common 

salt is well known, but practical men have differed as to the necessity or 
advantage of adding it to the ration. In spite of the earlier belief that 
salt increased the digestibility of food, numerous experiments have shown 
that the digestibility of the ration is neither increased nor diminished 
thereby. Rather than increasing the waste of protein from the body, as 
earlier investigators believed, salt appears to slightly lessen protein de- 
composition. Kellner?’ states that besides the physiological action of 
salt, it serves as a spice or condiment which whets the appetite and in- 
creases the palatability of many foods. It also stimulates the secretion 
of the digestive fluids, hastens the circulation of the fluids of the body, 
and prevents digestive disturbances. 

Excessive consumption of salt must be guarded against, since it great- 
ly increases the amount of water excreted in the urine. The consequent 
abnormal thirst causes animals to drink excessively, which impairs diges- 
tion and leads to other disturbances. If sufficient water is not supplied, 
the water content of the body will be lowered by the increased loss thru 
the kidneys, leading to greater waste of protein. Animals allowed free 

2 Landw. Vers. Stat., 61, 1905; 65, 1907. *~ Wis. Research Bul. 1. 

* Jour. Land., 41, 1893, p. 348. *°Ohio Tech. Bul 5. 

“TLandw. Vers. Stat., 57, 1902, p. 239.% Ernahr. landw. Nutztiere, 1907, p. 173. 
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access to salt or supplied with it at frequent and regular intervals will 
consume only enough to meet the needs of the body. 

Of the numerous salt-feeding experiments, only those of Babcock and 
Carlyle of the Wisconsin Station®® are satisfactory and conclusive. In 
these trials dairy cows, well nourished otherwise, were given no common 
salt (sodium chlorid) for long periods—more than a year in some in- 
stances. The following conclusions were reached: ‘‘In every case the 
cows exhibited an abnormal appetite for salt after having been deprived 
of it for 2 or 3 weeks, but in no ease did the health of the animal, as 
shown by the general appearance, the live weight, or the yield of milk, 

appear to be affected until a much longer time had elapsed. This period 
of immunity varied with individual cows from less than a month to more 
than a year. There was finally reached a condition of low vitality in 

which a sudden and complete breakdown occurred. This stage was 
marked by loss of appetite, a generally haggard appearance, lusterless 

eyes, a rough coat, and a very rapid decline in both live weight and 

yield of milk.’’ If salt was supplied at this period recovery was rapid. 

In one ease potassium chlorid was given instead of common salt (sodium 

chlorid). Considerable of the potassium salt was eaten, tho cows or- 
dinarily refuse to touch it, and recovery followed as quickly as when 

common salt was supplied—evidence that not the lack of sodium but the 
lack of chlorin was responsible for the troubles. The breakdown due to 
the lack of salt usually occurred after calving when the milk flow was 

heavy, and generally the cows giving the largest amount of milk were 
the first to show distress. 

Babcock points out that the salt requirement will vary greatly in dif- 
ferent localities. Soils which contain large quantities of salt doubtless 

produce feeding stuffs containing more salt than those poor in this 
ingredient; and again, the water of streams and wells varies greatly in 

salt content. These facts doubtless account for the disagreement among 
experimenters in different parts of the world as to the importance and 
value of salt. Cows in milk and sheep show the greatest need of salt; 
fattening cattle, horses, dry cows, and stock cattle require less salt; and 

pigs but little. 

IV. AppITIONAL REQUIREMENTS OF ANIMALS 

We have thus far considered in detail only the requirements of ani- 
mals for crude protein, carbohydrates, fat, and mineral matter. How- 

ever, just as vital as the demands for fuel and repair material, which are 
met by these nutrients, is the need for air and water. It is also necessary 

that the ration in its physical nature or bulkiness be adapted to the 
capacity of the digestive organs of the given animal. 

102. Air.—While animals survive starvation for considerable periods, 
lack of air brings immediate death, as a supply of oxygen is required for 
all vital processes. The amount of air breathed by farm animals, as 

* Wis. Rpt. 1905. 
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given by King,”® is placed in the first division of the table below. The 
second division shows the quantity of fresh air that must pour into a 
room where animals are confined, in order to provide substantially pure 
air, or that which does not contain over 3.3 per ect. of air that has been 
previously breathed. 

Air breathed by animals, and air required for good ventilation 

| Air breathed Neeasion er 
Animal 3 ante we 

Hourly Per 24 hrs. | Hourly Per 24 hrs. 

Cu. ft. Cu. ft. Lbs. Cu. ft. Cu. it. 

OTSG SA ute seo eae | 142 3,401 212 4,296 103,104 
Cowie ts eee ary tie 2804 224 3,542 85,008 
Pip eh oa oe ot oka Lo 46 1,103 89 1,392 33,408 
Sheeps ds aie es aureus | 30 726 58 917 22,008 

The table shows that the horse breathes hourly 142 ecu. ft. of air, and 

daily about 3,400 cu. ft., which weighs about 272 lbs. To provide the 
horse in confinement with air, not more than 3.3 per et. of which has 
been previously breathed, there must hourly pass into the room not less 
than 4,296 cu. ft., or over 103,000 cu. ft. each 24 hours. These figures 
show the necessity of providing some adequate system of ventilation 
when animals are confined to closed barns, as in the ease of horses and 

dairy cattle during winter in the northern states. 
The cow gives off about 19 therms of heat each 24 hours, or enough to 

raise 79,603 cu. ft. of dry air from 0° to 50° F. As shown in the preced- 
ing table, proper ventilation for the cow requires about 85,000 cu. ft. of 
air each 24 hours. This is only a little more air than the heat from her 

body will raise from 0° to 50° F., which is a desirable winter temperature 
for cow stables in cold climates. 

103. Water.—Animals can live much longer without solid food than 

without water, and an insufficiency of water in the body causes serious 
disturbances. The processes of mastication, digestion, absorption, and 
assimilation are hindered; the intestines are not properly flushed, and 
waste matter remains too long therein; the blood thickens; and the body 
temperature is increased. Thru these complications death may result. 
Animals partially deprived of water for a long period lose their appetite 
for solid food, and vomiting and diarrhea may occur, the latter also often 
taking place when water is again supplied. 

Under normal conditions animals consume a fairly uniform quantity 
of water for each pound of dry matter eaten; Kellner places the amount 
at 4 to 6 lbs. for milch cows, 4 to 5 Ibs. for oxen, 2 to 3 lbs. for horses and 

sheep, and for swine 7 to 8 lbs., which seems excessive. Possibly due to 
their laxative nature, feeds rich in crude protein—bran, linseed meal, 

peas, ete—cause a greater demand for water than starchy feeds. 

2 Ventilation for Dwellings, Rural Schools, and Stables. 
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Kellner®® found that for each 100 lbs. of water drank and in the food, the 
stabled ox passed 46.3 lbs. in the solid excrement, 29.2 in the urine, and 
24.5 in the breath and perspiration. Water is an important regulator 
of the temperature of the animal body. A large amount of heat is ab- 
sorbed in converting water into the vapor given off by the lungs and 
skin, and when sweat evaporates it carries much heat from the body. (90) 

The free drinking of water does not diminish the gains of animals nor 
increase the breaking down of protein in the body, tho flushing the 
intestines with much water may at first cause a more complete removal 
of the nitrogenous waste therefrom. With animals which continue to 
drink freely the nitrogenous waste soon becomes normal again. Scientists 
now agree that farm animals should have all the water they will drink, 
for they do not take it in excess unless they are forced to live on watery 
foods or are given salt irregularly. The excess of water taken into the 

body is discharged thru the urine. 
Water taken into the body must be raised to the body temperature, 

thus consuming heat. When an undue amount of cold water is drunk 
in cold weather this demand for fuel may cause a waste of nutrients. 
Warington* points out that during winter sheep in the turnip fields of 
England consume about 20 lbs. of roots daily, containing over 18 lbs. of 
water, or about 15 lbs. more than is needed. To raise 15 lbs. of water 

from near the freezing point to the body temperature requires the 
burning of 11 per et. of the nutrients furnished by the turnips. In ad- 
dition the equivalent of more than 2 oz. of glucose must be burned for 
each pound of water vapor given off from the lungs and skin. Warming 
cold water taken into the body does not necessarily mean that more food 

must be burned, for animals evolve a large amount of heat in the work 

of digesting food and converting the digested matter into body products 
or work. Due to this, many animals have an excess of body heat. Com- 
fortably-housed and well-fed steers and dairy cows burn more food than 

is needed to keep their bodies warm, and such excess may go to warm 
the water they drink, so that no food is directly burned for that purpose. 

Armsby*” points out that in winter farm animals watered but once 
daily drink freely. The sudden demand for heat caused by taking into 
the body this large quantity of cold water may exceed the available 
supply, with the result that some of the food nutrients or body tissues 
are burned to produce heat. Animals unduly exposed to cold and those 

sparingly fed or with scant coats may be directly helped by watering 
frequently or by warming their drinking water. In cold regions in 
order to induce animals, especially cows, to drink freely in winter, it 
is usually best to warm the watér, which should also be comfortably 

accessible. 
When entirely oxidized in the body, 100 lbs. of starch or cellulose will 

yield 55.5 lbs. of water and 163 lbs. of carbon dioxid, and fats over 

%®TLandw. Vers. Stat., 53, 1900, p. 404. * Principles of Animal Nutrition, p. 439. 

3 Chemistry of the Farm. 
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twice as much water as starch. The nitrogenous compounds yield a 
little less than the carbohydrates because they are not entirely oxidized 

in the body. This shows that a very considerable amount of water comes 

to the animal body from the dry matter of the food consumed. It is 
probable that the water which results from the breaking down of the 
food is used in the building processes of the body, rather than that 
water which the animal drinks, tho this is not definitely known. 

104. Commonly unappreciated factors in food.—Within recent years 
evidence has been accumulating which indicates that the classes of 
nutrients previously enumerated—proteins, carbohydrates, fats, and 
inorganic salts—are not all that is necessary to make a satisfactory ration. 
It has long been known that when humans live for extended periods 
on a diet containing no fresh vegetables or meat, scurvy is apt to result, 
even tho an abundance of the common nutrients is furnished. The 
addition to the diet of fresh vegetables readily prevents this disease. 

In districts of the Orient, where the inhabitants subsist mainly on pol- 
ished rice, there often occurs a serious disease known as beri-beri, char- 
acterized by general weakness and even paralysis. Where unpolished 
rice, carrying the germ and part of the husk, is eaten instead, this 
disease is not found. In experiments by various scientists a similar 
condition has been produced in animals fed almost exclusively on pol- 
ished rice, while unpolished rice did not cause such an effect. Tho many 

attempts have been made to determine the mysterious substance in the 
rice husk or germ which exerts such a pronounced influence on health, 
but little is yet known regarding its composition. 

Another important development of recent years has been the finding 
that some of the substances included in the ether-extract or so-called 
‘fat’? of feeds are essential to the well-being of animals. Stepp** first 
found that animals well fed upon foods from which all substances of a 
fatty nature had been removed could not live. He further found that no 
better results were secured when pure true fats, such as palmatin, stear- 

in, and olein—the most common plant and animal fats—were added to 

the ration. On the other hand, when certain crude fatty extracts of 
foods, such as butter fat, were added, the animals could be maintained in 

a satisfactory condition. McCollum and Davis** of the Wisconsin Station 
subsequently showed that young animals (rats) could grow normally 

for 3 or 4 months on mixtures of casein, starch, milk sugar, and salts, 
but that growth then invariably ceased. The addition of lard, olive oil, 
or cottonseed oil did not prevent this condition. However, the addition 
of purified butter fat, egg fats, or kidney fat rendered the diet complete 
in every respect. Young rats grew froin infancy to maturity, bore young, 
and brought them up normally on this ration. More recently they 
have shown that the fats of the corn kernel and the wheat germ likewise 

supply the lacking constituent in the ration. These findings have been 

33Biochem. Ztschr., 22, 1909, pp. 452-460; Ztschr. Biol., 59, 1912, p. 366. 

4 Jour. Biol. Chem., 15, 1913, p. 167; 19, 1914, p. 245; 20, 1915, p. 641; 21, 1915, 

p. 179. 
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confirmed by Osborne and Mendel*® of the Connecticut (New Haven) 

Station, who have found also that cod-liver oil and the softer portion 
of beef fats have the same remarkable properties. 

The foregoing experiments have shown for the first time a most unex- 
pected and important difference in the properties of the so-called fats 
from different sources. It seems certain that the substances which are 
responsible for the peculiar effects of these crude fatty mixtures are 
not true fats, but compounds of unknown nature which are soluble 
in fats and in the ether which is employed by the chemist to dissolve the 
fat from a feed 

105. Complete and incomplete rations—The following experiments 
conducted by Hart and McCollum* at the Wisconsin Station with grow- 
ing pigs well show that rations which supply an abundance of protein, 
carbohydrates, and fat may be insufficient for normal development. 

Soon after weaning, young pigs were placed in pens indoors where they 
had no access to the earth and were supplied with distilled water (con- 
taining no mineral matter), so that an exact record could be made, not 

only of the organic nutrients—protein, carbohydrates, and fat—which 
- were consumed, but also of the mineral matter as well. When pigs were 

restricted to corn meal and gluten feed, even tho a large amount of 
protein was supplied, little or no growth could be secured. However, 

when mineral matter was added, of kind and amount corresponding 
to the mineral matter in milk, pigs made approximately normal gains 
for 10 months, reaching weights of 235 to 275 lbs. When wheat and 
wheat gluten were fed, satisfactory growth was not secured even after 
mineral matter was added as before. The addition of both butter fat 
and mineral matter was somewhat beneficial, but ultimately growth 
ceased on this ration. However, when to the wheat ration were added 
not only butter fat and mineral matter but also 2.5 per et. of casein 
(the chief protein of milk) normal growth was secured. These pigs 
fed wheat therefore needed not only additional mineral matter but also 

the mysterious substance in certain fats, and in addition a better bal- 
anced supply of protein than was furnished by wheat and wheat gluten 
alone. 

Studies of this character are just beginning to open up new fields of 
investigation in animal nutrition. It is yet too early to predict in what 
manner or to what extent the results may modify our present practices 
in feeding farm animals. These fragments of knowledge are, however, 
most interesting to the student in showing the limitations to our present 
understanding of the feeding of animals and in pointing out the possible 
path of future development. 

106. Feeding ruminants concentrates only.—By reason of their high 
ability to digest coarse roughage, ruminants are especially adapted to 

convert the coarse plant materials of no value for human food into useful 

% Jour. Biol. Chem., 16, 1913-14, p. 423; 17, 1914, p. 401; Proc. Soc. Exper. Biol. 
and Med., 12, 1915, p. 92. 

% Jour. Biol. Chem., 19, 1914, p. 373. 
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products. Tho only under most exceptional conditions would it be profit- 
able to feed such animals concentrates alone, the question whether they 

can be maintained on such feeds with no roughage is of scientific interest. 
In 1874 a Mr. Miller*? of New York reported that for several years 

he had successfully maintained dry dairy cows weighing about 900 lbs. 
for 8 weeks in winter by giving to each animal as its sole feed not above 

3 quarts of finely-ground corn meal daily. The hay supply was stopped 

when meal feeding began. At first the cows were restless, but soon 
quieted down; rumination, or chewing the cud, ceased; and only a small 

quantity of water was drunk. The cows showed no signs of suffering 
or unrest, were much more quiet than cows fed meal with 4 or 5 Ibs. 
of hay daily, and manifested no unusual desire for hay when it was 
shown them. 

Miller claimed that the animals remained in fair flesh and that the 
calves from these cows were fleshy, healthy, active, and of more than 

ordinary size. In the spring on changing back to normal feeding a 
limited amount of hay was at first given, and the supply gradually 

increased. The cows soon filled up and did not appear different from 

others wintered in the usual way. A committee of the American Dairy- 
man’s Association, on making 2 visits to Mr. Miller’s stables, substan- 

tiated his statements. 
Sanborn®*® maintained sheep successfully for several months on grain 

and roots alone at the Utah Station. In Great Britain sheep are often 
fattened solely on concentrates and roots. Sanborn also fed a 2-yr.-old 
steer, weighing 635 Ibs., grain and water only for nearly 8 months, dur- 
ing which time it gained 190 lbs. Upon the withdrawal of coarse food, 
rumination ceased and little water was drunk. Gains were made on 

about the same amount of feed as is required by pigs. We may therefore 
conclude that mature ruminants can be maintained for considerable 
periods, if not indefinitely, on a limited amount of ground grain with 

no roughage, and if the grain supply is liberal they may make fair 

gains in weight. 
With young ruminants nature seems less yielding. Sanborn main- 

tained a calf for 6 weeks in winter on grain and milk, when, thru its 
craving for roughage, the sawdust used for bedding was eaten, causing 
death. At the Illinois Station Davenport*® fed a calf skim milk exelu- 

sively for 7 months, by which time it refused its feed, could not hold up 
its head, and appeared nearly dead. When straw and hay were placed 
before it they were greedily consumed, and 3 hours later the calf was 
ruminating in contentment, thereafter making satisfactory gains on 
mixed feed. In a second experiment a May ealf subsisted on skim milk 
until September, when,-altho consuming 70 Ibs. daily, it showed great 
unrest. Some grain was then. fed in addition to the milk, with still 

unfavorable indications. In October when hay was offered it was greedily 

eaten, and rumination began some five hours later. Another calf was 

Rpt. Am. Dairyman’s Assoc., 1874. 8% Utah Bul. 21. *Tll. Bul. 46. 
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maintained from June until September upon milk and mixed grains. 
By the latter date it evinced no desire for feed and would not rise; later 
it suddenly died. Altho enormous quantities of milk or milk and grain 
were consumed, there was no fat on the carcass or about its kidneys, 
and the muscles, tho plump, were dense and rigid. 

107. Necessity for roughage.—Patterson of the Maryland Station* 

attempted to feed 2 horses on oats alone, offering from 13 to 15 lbs. to each 
daily. By the end of the fourth day one of the horses refused the oats 
entirely and drank but little water. On the seventh day the other horse 
would eat only a part of the grain, and by the tenth day none whatever. 

Evidently the horse cannot live upon concentrates alone, even oats with 
their straw-like hulls. 

108. Milk alone for pigs—At the Wisconsin Station** McCollum placed 
a 23-lb. sow pig in a dry lot with shelter, and fed it from May to July 

of the following year, at first on whole milk and skim milk, and later 
on skim milk alone. The sow remained in excellent condition, and at 

about 1 year of age, when weighing 406 lbs., gave birth to 8 living pigs 

averaging 2.3 lbs. each, and 2 dead ones, all normal. Before winter the 
pigs made an average daily gain of 0.39 lb. each, reaching an average 
weight of 18.6 lbs. in 6 weeks. 

This shows that milk alone will support the pig, and indicates that 
the failure of Davenport to maintain calves on skim milk and grain 
was probably due to the physiological requirement of herbivora for 
coarse food to fill the first three stomachs in order that they may develop 
normally. (40) The pig has no such peculiarity in the structure of its 
digestive tract, and hence no physiological disturbances result from 
taking liquid food alone in the form of milk. 

109. Succulent feeds——Numerous scientific trials and common expe- 
rience on farms have abundantly demonstrated the value of adding 
succulent feeds to the rations of farm animals. The beneficial effects 
of succulence, whether supplied as pasturage, silage, soilage, or roots, 

are many. Just as our own appetites are stimulated by fruits and green 
vegetables, succulent feeds are relishes for the animals of the farm, 
inducing them to consume more feed and convert it into useful products. 
It is reasonable to hold that such palatable feeds stimulate digestion (56), 
and it is well known that their beneficial laxative action aids greatly 
in keeping the digestive tract in good condition. The findings of San- 
born*? that the flesh of root-fed animals is in general more ‘‘sappy’’ or 

watery has an important bearing on the feeding of farm animals. There 
is no doubt that, for breeding stock, less tense and more watery flesh, 
a natural sequence of feeding succulence, is more conducive to vigorous 
young at birth and to their hearty maintenance after birth than is the 
condition of hard, dry flesh produced by feeding only dry forage thru 
the winter. The dairy cow gives her maximum returns when she is sup- 
plied with suceculence. Such feeds tend toward rapid, sturdy growth 

“Md. Bul. 51. “Unpublished data. = Utah) Bul 17: 
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with the young of all farm animals. Some succulent food is especially 
beneficial in keeping the horse in condition, to which the thrift of the 
work horse when turned out to pasture bears witness. But the horse 

at hard or fast work should receive only a limited allowance of these 
feeds. Steers and sheep make rapid and economical gains on pasture, 
and grass-fed animals are in the best possible condition to make rapid 

gains when placed in the feed lot. Among the most important con- 
tributions of the experiment stations are their demonstrations of the 

economy of feeding silage to fattening cattle and sheep and of the possi- 
bilities of cheapening the cost of producing pork thru the utilization of 
pasture. The merits of the various forms of succulence for the different 
farm animals are discussed in detail in later chapters of the book. 

110. Light.—Sunlight is a most effective germicide. To prevent the 
contraction or spread of disease, it is therefore important that the stables 
of farm animals be well lighted, with the possible exception mentioned 
in the following. Trials conducted by Graffenberger*® with rabbits 
suggest that less heht may be advisable for fattening animals fed for short 
periods. He observed an increased formation of fat, especially marked 
in the case of mature animals confined in a dark room. The hemoglobin 
content of the blood was lowered and the amount of blood in the body 
decreased by 9 to 22 per et. thru such confinement. When confined too 
long in the dark the increase in fat formation was relatively small, and 
prolonged darkness retarded the development of the skeleton and liver, 
injuring the health of the animals. Graffenberger does not advocate 
entire darkness for fattening animals, but rather the partial absence 
of light, which tends to quiet and hence favors fattening. 

111. Exercise—For the maintenance of health exercise is essential. 
The only exceptions to this rule are fattening animals, soon to be mar- 
keted, which make more rapid gains if not allowed to move about too 
freely. Abundant exercise is of special importance with breeding animals. 

The exercise requirements of the various farm animals are discussed 
in the respective chapters of Part III. 

112. Quiet and regularity—F arm animals are creatures of habit, and 
once accustomed to a routine of living show unrest at any change. The 

feed stable or feed lot should be free from disturbance, and the admin- 
istration of feed and water should be uniform in time and manner. 
Animals soon learn when these are to occur, and as feeding time ap- 
proaches the secretions begin pouring from the various digestive glands 
in anticipation of the coming meal. (55) The system of feeding and 

watering and the character of the rations should be changed gradually 

and only for good cause. In feeding operations a changing period is 

usually a losing period. 

42 Arch. Physiol. (Pfliiger), 53, 1893, p. 238. 



CHAPTER V 

GROWTH AND FATTENING 

I. GrowTu 

The preceding chapter shows that even when liberally fed the mature 
animal stores but little protein or mineral matter in its body. On the 

other hand, as the body of the young, growing animal develops it in- 
creases rapidly in both protein tissues and mineral matter. The skin, 
muscles, hgaments, tendons, and internal organs of animals are almost 

wholly protein, as is a large part of the nervous system and of the organic 
portion of the bones. During youth all these parts steadily increase in 

size, and at the same time much mineral matter is being built into the 
skeleton or is retained in the growing protoplasm of the body eells. It 
is therefore evident that the requirements for growth differ radically 

from those for the maintenance of mature animals. 
113. Increase in protein and mineral matter.—Since the lean-meat 

tissues of the body are composed mostly of muscular fibers, any gain in 
these tissues can be caused solely by an increase in the number or by the 

thickening of these fibers. The fibers increase in number by divid- 
ing lengthwise, which process occurs with farm animals only while 

young and growing. Indeed, recent investigations show that with some 
animals all increase in the number of muscular fibers occurs before birth, 
the muscles of the new born young containing as many as those of the 
mature animal.t The fibers of the muscles can thicken to only a limited 
extent, and hence the muscular tissues, or lean meat, of the mature 

animal cannot be increased beyond a relatively narrow limit, compared 

with the great storage of fat which may occur. 
A healthy person with poor muscular development may materially 

strengthen and increase the size of his muscles, even after reaching 
maturity, thru a thickening of the individual fibers produced by suitable 
exercise and food. Caspari,” studying working dogs, and Bornstein,* 
experimenting with himself, found that when a considerable amount of 
muscular work was performed there was a small but continued gain of 
body protein if the body was supplied with an abundance of protein-rich 
food. An animal whose muscles have wasted thru sickness or starvation 
will rapidly repair its tissues upon a return to favorable conditions, 
thereby storing protein. 

Since the internal organs and such tissues as the tendons, brain, nerves, 
ete., do not increase in size after maturity, no further building of protein 

‘J. B. MacCallum, Johns Hopkins Hospital Bul. 90-91 (1898). 

* Archiv. Physiol., 83, 1901, p. 535. * Archiv. Physiol., 83, 1901, p. 548. 
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tissue is possible in these parts after the animal is full grown. As is 
shown later (122), a limited storage of protein occurs in the mature 

fattening animal, since fatty tissue contains a small amount of protein. 
The skeleton, partly of protein, but chiefly of mineral matter, does 

not increase after maturity. While the amount of protein and mineral 
matter in the bodies of mature animals is thus subject to little change, 
the water, and especially the fat, may vary widely in total and relative 

amount according to heredity, the abundance and nature of the food, 

and the exercise taken. 
114. Utilization of food in youth.—The gains made by well nourished 

young animals are relatively much greater and more economical, based 
on weight and food consumed, than those of mature animals, even when 

fattening. The unweaned calf may increase 2 to 3 lbs. daily for each 

100 lbs. of body weight, while a daily gain of 0.3 to 0.4 lb. per 100 Ibs. 

of body weight is large for the mature fattening ox. The economy with 
which the suckling utilizes its food is shown by a trial at the Wisconsin 
Stationt in which lambs fed cow’s milk gained 1 lb. in weight for each 
0.75 lb. of dry matter consumed. In respiration studies with a calf 2 to 
3 weeks old, Soxhlet? found a storage in the body of 72.6 per ct. of the 
protein, 96.6 per ct. of the lime, and 72.6 per ct. of the phosphorus fed 
in the milk. Weiske® found that even when 5 months old lambs stored 
22 per ct. of all the protein digested from their food. 

The more rapid increase of young animals is due to several causes— 

their flesh contains more water, their food is more digestible and con- 

centrated, and they consume more food in proportion to live weight. As 

growth continues, the total quantity of food eaten increases, while the 

amount per 1000 lbs. live weight diminishes. More exercise is taken 
as the animal becomes older, and hence a larger percentage of the food 
nutrients is broken down in the body. All these factors gradually de- 
crease the daily gain per 1000 lbs. of live weight and lessen the product 
returned from a given amount of food until, when maturity is reached, 
there is little further gain, except from the laying on of fatty tissue. 

The following table by Armsby’ shows the gain of protein, mostly 

muscular tissues, by the growing ox at various ages: 

Storage of protein by the growing ox 

Daily gain of protein to the body 

Average age 
of animal Authority Per 1000 Ibs. of Computed on total 

live weight protein in body 

Days Lbs. Per ct. 

8 Soxhlet 3.99 Pe S45) 
15 Soxhlet 3.55 2.08 
OZ Soxhlet 2.76 1.69 
50 Neumann 1.84 1.08 

100 | De Vries 1.19 0.71 
840 | Jordan 0.09 0.06 

4Agr. Science, 6, p. 397. 5 Ber. landw. chem. Vers. Stat. Wien, 1878, p. 101. 

®Landw. Jahrb., 9, 1880, p. 205. 7U. S. Dept. Agr., Bur. Anim. Ind., Bul. 108. 
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The table shows that when 8 days old a ealf stored daily in its body 
tissues protein equal to 2.35 per ct. of the total protein then in its body. 
or about 4 lbs. daily per 1000 lbs. of live weight. The storage of protein, 
which practically measures the growth of muscular tissues in the body, 

steadily decreased with age and growth until the 100-day-old calf stored 
1.19 lbs., or less than one-third as much as the 8-day-old calf. When 
28 months old and nearly mature, the steer stored but 0.09 lb. of protein 

daily per 1000 lbs. of body weight. It is thus shown that, as the animal 
matures, the quantity of protein built up in the body steadily diminishes. 

115. Milk the natural food for young mammals.—Since milk is Nature’s 
. food for the young of all mammals, it is reasonable to hold that it con- 
tains all the nutrients necessary to sustain the life of the young and 

that these are arranged in proper proportion. A study of the composi- 
tion of milk will therefore aid in showing the requirements for growth. 

The first milk yielded by the mother for her young, called colostrum, 
is thick and viscous and differs from ordinary milk in being richer in 
protein and often richer in ash, that of the cow being low in fat and 
milk sugar. The following table shows the average composition of 
colostrum and normal milk of various farm animals :* 

Composition of colostrum and normal milk 

Animal and character Water Protein Fat Sugar Ash Nutritive 
of milk ratio 

er ct. Per ct Per ct. Per ct. Per ct. 

Cow, colostrum...... (os 7/5 4.0 eo 1.5 1:0.7 
Cow, normal. 2.5. ..: 87.3 3.4 BU 4.9 0.7 1:3 .9 

Ewe, colostrum...... 61.8 aly/ al 16.1 35 1.0 P23 
Ewe, normal......... 80.8 6.5 6.9 4.9 0.9 hg} 1 

Sow, colostrum.......| 70.1 15.6 9.5 3.8 0.9 1:1.6 
Sowsnormeal. 22.22. . 84.1 UL 4.6 Bal eal 12720 

The high protein content of colostrum is largely due to its excess of 
albumen, which causes such milk to clot on heating. Colostrum is laxa- 
tive and highly important for cleansing the alimentary tract of accumu- 
lated fecal matter and properly starting the work of digestion. During 

the week following birth the composition of the milk gradually changes 
to the normal. 

Normal milk contains an abundant supply of protein compared with 

the cereal grains, as is shown by its narrow nutritive ratio, ranging from 
1:2.0 with the sow to 1:3.9 with the cow. The proportion of ash, or 
mineral matter, is also higher in milk than in the grains. While only 
1.5 per ct. of the dry matter of corn and 3.5 per ct. of that of oats is 

mineral matter, 6.2 per ct. of the dry matter of cow’s milk is mineral 

matter. The supply of lime and phosphorie acid, needed in large amounts 
in the growing skeleton, is especially liberal, over half the total mineral 

matter consisting of these two constituents. The non-nitrogenous nu- 

8 Konig. Chem. Nahrungs- und Genussmittel, Vol. I, 1903. 
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trients—milk sugar and milk fat—serve as body fuel and furnish 

material for the development of fatty tissues. 
116. Relation between composition of milk and rate of growth.—In 

their analyses of different kinds of milk Bunge, Proescher, and Abder- 
halden® noted the striking relationship, shown in the table, between the 
rate at which different species of animals grow and the amount of mineral 

matter and protein contained in the milk: 

Influence on growth of amount of protein and mineral matter im milk 
Time required Protein Lime Phosphoric Total ash 

Species to double weight in milk - in milk acid in milk in milk 
Days Per ct. Per ct. Per ct. Per ct. 

lelohanehay ok SA ak as ec 180 1.6 0.03 0.05 0.20 
EVOTSCrah. ass ee ee 60 2.0 0.12 0.13 0.40 
SOW: ees tytiny des tae 47 yA) 0.16 0 .20 0.70 
Helps ak sch ke Ree eiee 15 4.9 0.25 0.29 0 .84 
P10 has Ache ee 14* OEZ 0225 0.31 0.80 
DD OR ye gat eee 9 7.4 0.45 0.51 leoe 
Rabbit ch Sena eKer 6 14.4 0.89 0.99 2 .50 

* According to more recent data the young pig may double its weight in 9 to 10 days. 

The infant, which requires about 180 days to double its weight, receives 

a milk containing but 1.6 per ct. protein, 0.03 per et. lime, 0.05 per ct. 
phosphoric acid, and 0.20 per ct. total ash, or mineral matter. The 
shorter the time required by the new-born young of different species to 

double in weight the higher is the protein and mineral content of the 
milk, especially in lime and phosphoric acid. It thus appears that there 

has been provided for the young of each species milk of the composition 

needed for the development characteristic of that species. These studies 
emphasize the necessity of maintaining a liberal supply of protein and 
mineral matter in the ration of young animals as the mother’s milk is 
replaced by other feeds during their early life. 

117. Rich and poor milk for young animals.—Beach of the Connecticut 
(Storrs) Station’? fed calves, pigs, and lambs on skimmed milk, ordinary 
milk containing from 3 to 3.5 per ct. fat, and rich milk containing from 
5.1 to 5.7 per ct. of fat. The lambs also received a small quantity of hay. 
The table shows the milk solids, including fat, required to produce 1 Ib. 

of gain: 

Milk solids consumed per 1 lb. gain by calves, pigs, and lambs 
Milk poor Milk rich 

Length of feeding period Skim milk in fat in fat 
Lbs. Lbs. Lbs. 

Galves fed'45 days .24dee-.. secre ans ge Sener 1.03 1.18 
Pigs fed 40 days det Gra) esis ees co netev egg oe eS e 1.36 1.78 
Pigs fed 30 days. (2nd trial) 2... 2... mies 1.48 1.40 1.56 
Tuambs ted. 60. GRY 6iacvos sete et oe cae Ma 1.08* A seis 

* 0.42 lb. digestible matter in hay, additional. 

In every case milk rich in fat was less valuable per pound of dry matter, 
fat included, than milk poor in fat, or even skim milk. Beach reports 
that the pigs fed rich milk suffered loss of appetite and were attacked 
by diarrhea, finally not eating enough to sustain life, while those fed 

® Abderhalden, Ztschr. physiol. Chem., 27, 1899, p. 594, 

Conn. (Storrs) Bul. 3 
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skim milk or milk low in fat, throve. The lambs on rich milk showed lack 
of appetite. 

In Europe studies on infant feeding show that cow’s milk rich in fat 
tends to produce intestinal disturbances and is not so well adapted to 
the needs of the human infant as poorer milk. The following explanation 
of this harmful effect of excess of fat in the food of infants has been 
offered: The general capacity of an organism for the absorption of fat 
is strictly confined within narrow limits, and consequently any excess 

is not absorbed but remains in the intestines. There it is converted into 
soaps, composed of part of the fats and an alkali, and as such eliminated 
from the body in the excreta. This excretion of soap brings about a 

heavy loss from the infant body of alkaline bases, such as soda, potash, 
lime, ete., which, if continued, results in disturbed nutrition. On an 
exclusive diet of milk containing about 3.5 per ct. fat, the supply of 
alkaline bases is only sufficient for normal development. Milk rich in fat 

does not contain proportionally more of the alkaline bases, for man has 
bred and selected cows only to meet the demands for more milk and for 

that which is rich in fat. As Kellner™ suggests, the eagerness with 
which calves eat mortar, chalk, and other lime-containing substances 

points to the milk being deficient in this respect; accordingly in such 
eases it is advisable to supply calves with chalk or ground limestone. 

118, Protein requirements for growth.—As has been shown (11), the 

individual proteins differ markedly in the amount of the various amino 
acids they contain, and in some proteins certain amino acids are entirely 
absent. Scientists believe that animals are not able to construct in their 
bodies from other nutrients any of the different amino acids, with the 
single exception of the amino acid ealled glycocoll. In the formation 

of the protein tissues of the body all the various individual amino acids 
are required, for the body proteins contain some of each of these building 
stones. Hence for normal growth the protein in the food must supply 
all of the necessary amino acids. The following illustration will show 
the conditions the body may meet in forming body proteins from the 
mixture of amino acids resulting from the digestion of the food protein: 
Suppose we are building a brick wall in a certain pattern which requires 
that 1 brick in 10 have a green end. If we are using as our source of 
material a pile of bricks resulting from the tearing down of another 
wall, in which only 1 brick in 50 had a green end, it is evident that we 
would soon have to stop building, tho having many perfect bricks left, 
because none had the green end required for the pattern. 

Some proteins, as the principal ones of wheat, yield on digestion as 
much as 40 per ct. of a certain single amino acid, which forms only 14 
per ct. of the animal proteins. With this protein as the sole source of 
amino acids for growth, obviously a considerable part will be wasted. 
There are other proteins which entirely lack some of the essential amino 
acids and so will produce no growth. However, when the missing amino 

iBrnabr. landw. Nutztiere, 1907, p. 461. 
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acids are fed to supplement such a deficient or imperfect protein, the 
animal will then be able to continue growth.” 

The various incomplete proteins do not all lack the same amino acid. 
Hence we should expect that when 2 incomplete proteins were combined, 

the first might supplement the deficiencies of the second and better 

growth be made than on either alone. To study this problem McCollum?* 
has recently fed 60 to 75-lb. pigs on many rations in which a single 

feeding stuff or 2 or more feeds, mixed in various proportions, sup- 
plied the protein. The percentage of the food nitrogen which was re- 
tained for growth on each ration was determined with the results shown 
in the table: 

Value for growth of protein from various sources 
Proportion of nitrogen 

Source of protein Number of in food retained 
trials Per ct. 

ol fobaa gies cede eR age Mae ACO Ae RR CER RPE. eM mare 1 66 .2 
(CASE TIN Rey ah ache fate, a ee a he ERR ee 1 50.6 
Gra 40 Meee raps ate oie) SSE iM Be NN ae Abas eR Ue Vas eae PSE A. LE 4 23.1 
Wilhheaitl cere tay tea ck Sola hee a eae eae ed si ne aye th 3 264 
Oats steers tis dione Blige ts eek Soe cu ne ekemnae ames oum See ee 2 23.3 
Tinseedsrnealli, ates cot. bic rect ta ten tec ey eee an fy ee 1 17.0 
Wheat embry Gio e aal.is.c pee tae das ek cuts Dee eee 1 39.0 
Comt 24; wheats oats lees se one et en ene 1 32.0 
Corm-¢; linseed, meal 2h cc. naw tweaks See ee 1 3220 
Gorm s4slinseed “meal 7a eat a chy nein ee one, eee ee il 37.0 
Wheat t4, wheat embryo 464.2... 2. seul end ee heue 1 30.0 

The milk proteins, which resemble the body proteins in composition 
more than do those of the cereals, were much superior to corn, wheat, 
or oat protein for growth, 66.2 per et. of the protein of skim milk being 

used for growth. In the single trial reported a mixture of one-third of 

each of these cereals proved slightly superior to any single one. While 

linseed meal fed as the sole source of protein was the least efficient of 
any of the feeds tested, when it was combined with corn the results 

were considerably better than with corn alone. From this we may 
assume that linseed meal and corn are not deficient in the same amino 
acids, and that when combined one tends to correct the deficiencies of 
the other. This agrees with the good results secured in numerous scien- 
tific trials and in practice when linseed meal is fed as a supplement to 
corn. On the other hand, no better results were secured when wheat 

and wheat embryo were combined than the average of the results ob- 
tained when each was fed separately. In this case evidently each feed 
is deficient in the same amino acids, and one cannot supplement the 
other. In time further studies of this character will, no doubt, reveal 
the supplementary relationships of the many feeding stuffs and so 
make possible the more efficient compounding of rations. From the 
foregoing it is evident that not only must the supply of protein for 
growing animals be liberal but its composition should also be considered. 

12Qsborne and Mendel, Jour. Biol. Chem., 17, 1914, p. 325. 

13 Jour. Biol. Chem., 19, 1914, p. 328; information to the authors. 
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The methods of determining the amounts of the individual amino acids 
furnished by different feeds are not sufficiently perfected as yet to enable 
scientists to ascertain by chemical analysis alone the value of the proteins 
from various sources. Hence, further knowledge concerning the value 

of the proteins furnished by individual feeding stuffs and by ecombina- 
tions of feeds must come thru actual feeding tests. The available data 
on the protein requirements for growth by the various farm animals 

and the nutritive values of the different feeding stuffs are presented 
in the respective chapters of Part ITI. 

119. Mineral matter required for growth.—It has already been shown 

that the young animal, growing rapidly in skeleton and tissues, needs 
a liberal supply of mineral matter, especially calcium (lime) and phos- 

phorus. (113) The amounts supplied in the feeds must always be larger 
than the quantity actually stored in the body, in order to cover the con- 

tinuous excretion thereof from the body which occurs even in ease of a 
deficient supply. 

The effects of a lack of mineral matter are shown in a trial by Hart, 
McCollum, and Fullert* at the Wisconsin Station in which one lot of 
pigs averaging 47 lbs. in weight was fed a ration consisting of wheat 
bran from which a large amount of phosphorus, mostly in organic form, 
had been removed by washing, and wheat gluten and rice, both extremely 

poor in mineral matter. As shown in the table, other lots were fed this 
basal ration plus calcium phosphate, bone ash, and ground rock phos- 
phate, respectively, all supplying inorganic phosphorus. A fifth lot was 
fed unwashed wheat bran, rice, and wheat gluten, a ration in which a 
considerable part of the phosphorus was present in organic form. 

For a considerable period all the pigs throve fairly well, tho no ration 
was entirely satisfactory. As time went on, those in Lot I fell behind 

the others; they had no appetite and remained lying down; later they 
lost control of their hind quarters and had to be carried to the trough at 
feeding time. At the end of 4 months, when a pig of each lot was 
slaughtered, the findings given below were obtained: 

Scant and full allowance of organic and inorganic phosphorus for pigs 

Lor I Lor II Lor III Lot IV Lot V 

Noth Precip. Ground 
Shorey i rae Bone ash | rock phos- | Unwashed 
added phate added phate wheat bran 

added added 

Av. amt. phosphorus fed daily, 
PLANIS ee ahead ecko Nene is He ete 4 gy 5.29 5.45 5.20 5.28 

Weight of pig at slaughter, lbs....| 77 87 85 82 87 
Average gain per pig, lbs......... 32 42 35 43 58 
Weight of skeleton, grams........ 870 950 950 1495 850 
Breaking strength of thigh bone, 

per sq. millimeter, Ibs.......... 0.87 AC) NSC 1.65 1.86 
Diam. of thigh bones, millimeters..| 16 16 1155 20 ile 
Specific gravity of thigh bone..... 0.98 1.15 le 1.19 1.14 
Ash in thigh bone, per cent....... 33 46 53 57 54 

“Wis. Res. Bul. 1. 
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The pigs of the first lot, getting lttle phosphorus, had light, weak 

thigh bones, of low specific gravity and low in ash. The ones getting a 
liberal supply of inorganie phosphorus, especially those fed ground rock 
phosphate, had heavier skeletons than either the low-phosphate lot or 
even those getting organic phosphate in the unwashed bran. The thigh 
bones of the rock-phosphate lot were the largest in size and the highest 
in ash and specific gravity. At present there is little data regarding 
the minimum amounts of lime and phosphorus which will permit normal 
development of growing animals. From the available data Kellner’ 
concludes that the ration for growing animals should contain 3 times 
as much of these mineral constituents as the animals are storing daily 

in their bodies. On this basis he recommends that during the first year 
calves receive at least 40 to 60 grams of lime and phosphoric acid per 
head daily; pigs, 12 grams each of lime and phosphoric acid per head 
daily ; and lambs, at least 10 grams of lime and 11 grams of phosphoric 

acid daily for each 100 lbs. live weight. 
Since the common feeding stuffs which are rich in protein are likewise 

high in phosphorus, probably the phosphorus supply will be ample when 
rations are fed which are balanced according to the usual feeding stand- 
ards.‘° The calcium supply for calves and lambs will usually be ample 
when hay and the cereals constitute the greater part of the ration. De- 
ficiencies will occur only in districts where the roughages are unusually 

low in lime, or when large amounts of such roughages as wheat and 

barley straw or timothy hay, which are low in lime, are fed. Where 

pigs are fed exclusively on cereal grains, especially on corn, the lime 

supply will usually be deficient. As has been shown (99-100), where 
lime alone is deficient it may be supplied in legume hay, which is rich 
in lime, or in the form of chalk or ground limestone. If phosphorus 
alone, or both lime and phosphorus are lacking, these may be supplied 
in ground rock phosphate or else in the form of bone ash. 

120. Requirements for pregnant animals.—In considering the feeding 
of young animals it is important to remember that the influence of the 
feeder begins before the young are born, for the nutrition of the 

mother during pregnancy profoundly influences the growth of the 
fetus and hence the vigor and health of the offspring at birth. To supply 

the protein and mineral matter, especially lime and phosphorus, needed 
for the development of the body tissues and skeleton of the fetus the 
ration of the mother should contain a larger supply of nutrients than 
would be required for her maintenance. Based on data from Eckles and 
P. F. Trowbridge” of the Missouri Station, the body of an 80-lb. new- 

born calf contains about 14.0 lbs. of protein, 2.8 lbs. mineral matter, and 
2.5 lbs. fat—an amount of protein and mineral matter that would be 

contained in 400 Ibs. of milk of average composition. 

*Hrnaihr. landw. Nutztiere, 1907, pp. 472, 476, 478. 

* Hart, Steenbock, and Fuller, Wis. Res. Bul. 30. 
Information to the authors. 
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In the case of an immature female, still developing her own tissues 
as well as those of the fetus, a liberal supply of these nutrients is espe- 
cially important. Fortunately the mother is able to protect the offspring 
to a certain extent against temporary or small deficiencies in her food 
by drawing upon her own skeleton for the lime and phosphorus and her 

muscular tissues for the protein necessary to the growing body of the 
fetus. Such maternal protection is, however, at the expense of her own 

body. The requirements for the various farm animals when pregnant 
and the feeds best suited for their maintenance are discussed in the 
respective chapters of Part III. 

Il. Farrenine 

121. The object of fattening.—According to Armsby,'® the accumu- 

lation of fatty tissue, as such, is of secondary importance in fattening, 

the main object being to otherwise improve the quality of the lean meat. 

To some extent during growth, and especially during fattening, there 

is a deposition of fat in the lean-meat tissue. A small portion of this 
may be deposited within the muscular fibers themselves, but a much 

larger part is stored between the bundles of fibers, constituting the so- 
ealled ‘‘marbling’’ of meat. This deposition of fat adds to the tender- 
ness, juiciness, flavor, and digestibility of the meat, besides increasing 

its nutritive value. It seems possible that there is also an increase in 
the soluble or circulating protein and in other extractives of the muscles, 
resulting in a further betterment of the quality of the meat as an addi- 

tional advantage from fattening. 

122. Increase during fattening.—The changes in the composition of 

the bodies of farm animals during fattening were extensively studied 
by Lawes and Gilbert of the Rothamsted Station’? from analyses of the 
entire bodies of oxen, sheep, and pigs slaughtered at different stages of 
fattening. They give data from which the following table is derived: 

Percentage composition of the increase of fattening animals 
Mineral Total dry 

Animal Protein Fat matter substance Water 
Per ct. Per ct. Per ct. Per ct. Per ct. 

XM Sons, sass ec: (OG 66 .2 5 75 .4 24 .6 
BHeepe eit ee pil 70 .4 2.3 79.9 20.1 
[eT , GE s Bro Pane O Ree 6.4 TALS 0.1 78 .0 22.0 

In most cases the animals studied had not entirely finished their growth 
when the tests began. The table shows that in 100 lbs. of live-weight 
gain made by the fattening ox, 7.7 lbs. was lean-meat tissue, 66.2 fat, 
1.5 mineral matter, and 24.6 water. The sheep resembles the ox in 

character of increase during fattening, but stores more mineral matter, 
due to the growth of wool. The fattening pig stores very little mineral 

matter. 

%T. S. Dept. Agr., Bur. Anim. Ind., Bul. 108. * Jour. Roy. Agr. Soc., 1860. 
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Henneberg and Kern*® slaughtered a mature lean wether and deter- 
mined the amount of lean meat and fat in the carcass. A similar wether 

was fed for 70 days and killed when half fat, and a third was slaughtered 
when extra fat, after being fed 203 days. The carcass of the second 

wether contained 3 times as much fat and that of the third nearly 4 
times as much as the eareass of the unfattened sheep. During fattening 

these wethers made practically no gain in lean meat. Trials by Friske?' 
seem to indicate that under some conditions even mature animals may 
make considerable gains in lean meat. Scientists agree, however, that 

as a rule the fattening of mature animals is what the term implies—the 
laying on of fat—with but relatively small storage of protein. 

That animals fattened while growing will not only gain in fatty tissue 
but in lean meat is shown by the experiments of Waters, Mumford, and 

P. F. Trowbridge,** who analyzed the entire bodies of steers killed at 
various stages of fattening at the Missouri Station. The following table 

shows the composition of the careass of a 748-lb. steer in thrifty growing 
condition and the composition of the gains made by other steers during 

fattening : 

Composition of unfattened steer and gains during fattening 
Water Fat Protein Ash 
Per ct. Per ct. Per ct. Per ct. 

Carcass of unfattened steer... ... 56 .4 18.6 18.8 ett 
iRinstro0 Odbs: of cainiseee anemic 37.6 48 .6 11.9 2.0 
Second 500 Ibs. of gain. ......... 8, 75 .6 5.2 1.5 
MRotalalOOOlbssotcaimet ya. so PORE atl 62.1 SEO ibays 

While the carcass of the steer killed before fattening was over half 
water, the first 500 lbs. of gain contained only 37.6 per ct. water and 

the second 500 Ibs. but 17.8 per ct. The first half of the gain was 48.6 
per ct. fat and 11.9 per et. protein, showing marked increase in lean 
meat. In the last half of the gain 75.6 per ct. was fat and only 5.2 per 
et. protein. The storage of ash was likewise less in the last 500 lbs. of 
gain. Thus, as:a partly mature animal fattens it progressively makes 

less growth in lean meat and skeleton, and a larger part of the gain is fat. 
123. Composition of steers of different ages.—F'or several years Haecker. 

of the Minnesota Station** has been conducting extensive investigations 
on the food requirements of steers of different ages, in which he has had 
analyzed the entire carcasses of many animals. The following table shows 
the average composition of steers slaughtered at various stages, from 

birth up to a weight of 1,500 Ibs. : 

» Jour. Landw., 26, 1878, p. 549. 

21Landw. Vers. Stat., 71, 1909, pp. 441-482. 

“Information to the authors. 

*3Minn. Rpt. 21 and information to the authors. 
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Average composition of steers at various stages* 

No. of Dry 
Normal Weight Bteers Water mnten Protein Fat Ash 

| Per ct Per ct Per ct Per ct Per ct 

1010) ko aoe 5 71.84 28 .16 19 .90 3.99 4.27 
PAO RRR hes + 70 .46 29 .54 19.14 5.98 4.42 
SOOM rere so: 3 66.31 33 .69 19 .02 10.18 4.49 
ANN), Se aeeeniee 5 65.78 34 .22 19 .29 10.59 4.34 
SOD 5 tie SSB 5 62 .86 37 .14 IS) NZS 13.76 4.21 
GOOF ts. 2. 3 61.99 38 .01 19 .42 14.00 4.59 
MOOR as sha aie vo 4 60 .34 39 .66 18 .60 16.58 4.48 
SOOM yeas 3 58 .43 41.57 18.80 18.53 4.24 
CLO ceeipeieaene 3 54.10 45 .90 17 .66 24.08 4.16 

TODOS ee Ss 2 53.01 46 .99 INT tae 25 .60 3 .82 
NOOR ae Se. 1 48 .03 51.97 16.18 31.91 3.88 
PAO Gee aoe 2 48 .63 51 .37 16.59 31.11 3.67 
HAOQORR ees. 1 AT .77 52 .23 16.15 32 .57 3.51 
TOOK sacs). 1 43 .46 56 .54 15 .67 37 .67 3.20 

* Not including contents of the digestive tract. 

The table shows that the percentage of water steadily decreases as the 
animal matures, falling from 72 per ct. in the calves to less than 50 per 
et. in the 1500-lb. steer. The percentage of fat increases rapidly during 
the growth and fattening of the animal, increasing from 4.0 per et. soon 
after birth to over 37 per ct. in the 1500-lb. steer. The protein and 
ash show less change than the water and fat, but decrease percentagely 
as the animals increase in weight. Haecker states that the storage of 
protein by the animal, which is rapid in early life, shows a marked 
slowing up when the animal reaches a weight of about 800 lbs. On the 
other hand, the gain in fat is most rapid after the steer reaches a weight 
of 600 Ibs. 

124. Origin of body fat—The source of the fat which animals store 
in their bodies has been the subject of much controversy. Kellner, 
Armsby, Hagemann, and other modern authorities agree that the body 

fat of animals may originate either from the fat or carbohydrates of 
the food. Scientists still disagree upon the possibility of animal fat 
being formed thru the decomposition of protein. The preponderance 
of evidence favors such formation, as is later shown. (128) 

125. Body fat from food fat——Many experiments have conclusively 
shown that the fat in food, which has been acted on by the digestive 
fluids in the intestines, may be directly stored in the body tissues when 

supplied in large quantity. 
Hofmann” allowed a dog to starve until its weight had decreased from 

26.5 to 16 kilograms and the supply, of fat in its body had practically 
disappeared, as shown by the increased decomposition of the protein 
tissues at that time. For 5 days this dog was fed large quantities of 
fat and only a little fat-free meat, during which time it gained 4.2 kgms. 
in weight. When slaughtered its body contained 1,353 grams of fat, only 
131 of which could possibly have come from the protein fed. Hence 

*7Ztschr. Biol., 8, 1872, p. 153. 
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much of the fat formed during this time must have come from the fat 
of the food. 

Henriques and Hansen* fed 2 three-months-old pigs barley meal 
together with oil. The first pig received linseed and the second cocoa- 
nut oil. Samples of the body fat were removed from the back of each 
pig thru incisions, and analyzed. The fat which had formed during 
the feeding resembled in odor, consistency, and composition the vege- 
table fat which had been fed. Later, when the feeds were reversed the 

body fat then formed showed a corresponding change in properties. 
All the digested fat taken into the body of the animal beyond that 

required for maintenance cannot, however, be deposited as body fat, 
since considerable losses always occur thru the energy expended in 

digestion and metabolism. Kellner*® states that in the case of carnivora, 
or flesh-eating animals, such as the dog, not more than 87.3 lbs. of body 
fat can be formed from 100 lbs. of pure fat supplied in the food. With 
herbivora, or animals which consume coarse forage, such as the horse, ox, 

ete., the work of moving the food thru the digestive tract, digesting it, 
and disposing of the waste is larger. Hence the amount of body fat 
which may be formed by these animals from 100 lbs. of digestible fat 
in the food consumed is much lower than with the carnivora, varying 
from 64.4 lbs. in the case of pure fats to 47.4 lbs. in the fats of roughages. 

126. Fat from carbohydrates.—Scientists agree that the fat in the 
body of animals can be formed from carbohydrates. As early as 1842 
Liebig maintained that animal fat was formed mainly from the carbo- 
hydrates, tho it might also originate from the protein of the food. The 
extensive experiments of Lawes and Gilbert of the Rothamsted Station,” 
conducted from 1848-1853 with more than 400 animals, clearly showed 
that much more fat was stored than could be derived from the fatty 
matter and protein of the food. 

Soxhlet?® fed 2 full-grown pigs a ration of 4.4 lbs. of rice meal for 5 
days. One pig was then killed and its body analyzed, while the other 
was fed 4.4 lbs. of rice, daily, and later a ration of 3.3 lbs. of rice with 

some meat extract, both being foods which are almost free from fat. 
After 82 days this pig was also killed and its body analyzed. Assuming 
that the bodies of both pigs were of similar composition when the first 
was killed, Soxhlet found the quantity of fat formed in the body of the 
second pig and its source to be as follows: 

Grams 

Maximum fat possible from fat in food..........-+-----.+.0+s50- 340 
Maximum fat possible from protein in food................... .... 2,488 
Minimum fat that must have been formed from carbohydrates in 

FOG yf -5. coche ton Sa Petipa cay eas ORT ee os AS ee ee easel heer teers 19,352 

Motal fatiromeciSOULCeSs sty et eee eee eae ate ie 22,180 

It is shown that during the trial 22,180 grams of fat were formed. 
Deducting from this the sum of the maximum amounts of fat which 

%Centbl. Agr. Chem., 29, 1900, p. 529. *Jour. Roy. Agr. Soc. VI, Pt. 1, 1895. 

* Wrnihr. landw. Nutztiere, 1907, p. 143. *Jahresber. Agr. Chem., 1881, p. 434. 
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could have been derived from the fat and the protein supplied in the 
food, there remains 19,352 grams of fat as the minimum which must 
have been formed from the carbohydrates in the food. Hence at least 

87 per ct. of the fat formed by this pig during the trial was derived from 
the carbohydrates in the food. 

The formation of fat by ruminants from the carbohydrates was first 
demonstrated by Kiihn*® with the aid of a respiration apparatus. Oxen 
were fed for long periods on meadow hay and starch, which provided 
a ration low in protein and fat. Kiihn shows that even if all the carbon 
resulting from the digestion of the protein and fat in the food went to 
form fat in the body there still remained a large amount of deposited 
fat which could only have come from the carbohydrates of the food. 
These conclusions are confirmed by later experiments by Kellner,*° also 
with oxen. In these later trials it is shown that 100 lbs. of digested 
starch or digested fiber yielded about 24.8 lbs., and 100 lbs. of digested 

cane sugar only 18.8 lbs., of body fat. 
127. Fat from pentosans.——Tho no experiments have yet been carried 

on to show that body fat may be formed from pure pentosans, it is certain 
that these carbohydrates may aid in its formation. Kellner*! fed oxen 
straw in which pentosans furnished 33 per ct. of the energy. The large 
deposits of fat which followed must have come in part from the pentosans 

of the food. 
128. Fat from protein—When a liberal protein diet supplies the animal 

with more energy than is necessary for its maintenance, not only may a 

part of the excess protein be deposited in the body as flesh, but the non- 
nitrogenous portion resulting from the cleavage of protein may be con- 
verted into either body fat or glycogen. Since body fat may be derived 
from the carbohydrates, and since glucose and glycogen may be formed 
from the proteins, it is reasonable to hold that body fat may be formed 
from the protein of the food. Demonstration of the direct formation 
of body fat from food protein is difficult, as it is almost impossible to 
induce animals to consume any large quantity of pure protein food. 

The consumption of protein must be relatively large to maintain the 
nitrogen equilibrium of the body, and so usually but a small excess avail- 
able for the formation of fat remains above body requirements. 

Investigations by Cramer*? with cats, and by Voit** and Gruber** with 

dogs which were fed large amounts of lean meat, show that the protein 
it contained must have been the source of the fat which was stored in their 
bodies during the trials. Henneberg,*®° working with dogs, concluded that 
100 lbs. of protein may, upon decomposition, yield 51.4 lbs. of fat. Rub- 

ner,°* likewise experimenting with dogs, has shown that owing to the 

2Tandw. Vers. Stat., 44, 1894, pp. 1-581. 3% Ztschr. Biol., 42, 1901, p. 407. 

9 Tand. Vers. Stat., 53, 1900, pp. 1-450. %TLandw. Vers. Stat., 20, 1877, p. 

3Tandw. Vers. Stat., 58, 1900, pp. 1-450. 394. 

“Ztschr. Biol., 38, 1899, p. 307. % Ztschr. Biol., 21, 1885, p. 250. 

33 Jahresber. Tier-Chem., 22, 1892, p. 34. 
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losses of energy which occur in the decomposition of protein not more 
than 34.7 lbs. of fat can be formed from 100 lbs. of protein in the food. 

Herbivora—the ox, horse, sheep, ete.—cannot be fed exclusively on 

protein, since such feeding causes intestinal disorders. Kellner,** ex- 

perimenting with steers, added wheat gluten, which is principally com- 
posed of vegetable proteins, to a ration which was already causing a 
considerable deposition of fat. The feeding of 100 lbs. of gluten caused 
the deposition of only 23.5 lbs. of fat above the amount due to the basal 
ration. Kellner maintains that this additional deposit was derived from 
the protein fed in the wheat gluten. 

129. Body fat from nutrients.—The following table from Kellner** 
summarizes his studies on the amount of fat which may possibly be 

formed in the body of the growing ox from 100 lbs. of digestible matter 

of the several nutrients fed in combination with a basal ration already 

exceeding the maintenance requirements of the animal: 

Energy available 
for fat formation Possible fat 

Therms Lbs. 

Hab sets hyena) Sue vic aes tee Ne tect a aed een 204-259 47 .4-59 .8 
Protein te vee sects ah eh eas oe wee aR eR 102 23.5 
Stanchyamd pier en. jesse crete celee arene re 107 24.8 
Cametsucaresanteris asco ipa etutn en pais ean ee eees 81 18.8 

The table shows that if an ox is getting enough food for maintenance, 
supplying 100 lbs. of fat in addition may result in the storage of from 

47.4 to 59.8 lbs. of body fat. For the other nutrients there is a smaller 

deposit, cane sugar forming only 18.8 lbs. 
130. The ration for fattening.—Since the fattening of mature animals 

consists mainly in the storage of fat, there is no demand for a large sup- 

ply of food protein. While the Wolff-Lehmann standards (Appendix 
Table IV) advise nutritive ratios of 1:5.4 to 1:6.5 for mature fattening 
cattle, 1:4.5 to 1:5.4 for fattening sheep, and 1:5.9 to 1:7.0 for fattening 

swine, numerous experiments have shown that mature animals of all 

classes can be successfully fattened on a much smaller allowance of crude 

protein. 
Kellner*®® found that the gains of the mature ox remained unchanged 

whether 1 lb. of protein was fed with 4 or with 16 Ibs. of carbohydrates, 

the total quantity of nutrients remaining the same. In such ease the 
quantity of fat formed was in proportion to the nutrients digested in 
excess of the wants of the body. However, where less digestible protein 

is fed than 1 lb. to 8 or 10 lbs. of carbohydrates, the digestibility of the 
ration may be decreased. Kellner accordingly advises that for mature 

fattening cattle the nutritive ratio should never be wider than 1:10 or 
12. In regions where alfalfa hay or other nitrogenous feeds are abund- 
ant and low in price and the carbohydrates relatively high in cost, it may 
be profitable to feed a ration with a narrow nutritive ratio. Animals in 

*Landw. Vers. Stat., 58, 1900, p. 452. 
*FHyrnihr. landw. Nutztiere, 1907, p. 158. 

2 Brnahr. landw. Nutztiere, 1907, pp. 418-420. 
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thin flesh should at first be liberally supplied with protein in order that 
their muscular tissues may develop. For such animals Kellner holds 
that the nutritive ratio should be about 1:6, with from 12 to 15 lbs. of 

digestible nutrients daily per 1000 lbs. of live weight. 
Owing to the greater economy of gains by young animals, in this 

country the larger part of our meat-producing animals are fattened and 
marketed before maturity. Such animals are adding not only fat, but 
also considerable lean meat to their bodies as they fatten, and therefore 
require a more liberal supply of protein than mature animals. Skinner, 

Cochel, and King*® in extensive trials at the Indiana Station have found 
that 2-year-old steers make larger gains and require less feed per 100 Ibs. 
gain when fed rations with a nutritive ratio of 1:7 to 1:8 than when 

the ration has a wider nutritive ratio. In 4 trials fattening lambs made 
larger gains and required less feed per 100 lbs. gain when fed rations 
having an average nutritive ratio of 1:6.9 than when the nutritive ratio 

was 1 :7.9. 
It is important to bear in mind that since protein-rich feeds are usual- 

ly high in price, the most profitable ration may not be the one producing 
the largest gains, the larger gains being in some eases offset by the higher 

cost of the ration containing an abundance of protein. Rations for fat- 
tening each kind and age of animals are discussed in detail in Part III. 

131. Factors influencing fattening.—The deposition of fat in an animal 

depends primarily upon the quantity of food consumed in excess of main- 
tenance and growth requirements. Fattening may take place at any 

age, tho the tendency of young animals to grow greatly reduces the pro- 
portion of food usually available for that purpose. Since the process of. 
fattening depends upon the excess of digested nutrients over the wants 
of the body, it is evident that anything that decreases the waste due to 
external work or to excess of exercise, and which lessens the internal 

work of digestion and assimilation, may aid in fat formation. Exertion 
of any kind increases the oxidations going on in the body. Vigorous 

exercise must therefore be avoided in the case of fattening stock and 
mileh cows. Supplying an abundance of feeds that are palatable, con- 
centrated, and largely digestible tends to rapid fattening, because a 
large surplus of nutrients then remains after supplying the body needs, 
which surplus may go to form fat. 

The disposition of an animal to fatten depends upon breed and 
temperament. While a wild animal, nervous and active, can be fattened 
only with extreme difficulty, domesticated animals are more quiet and 

usually fatten readily. The restless animal is rarely a good feeder, while 
the quiet one, which is inclined to “‘eat and le down,”’’ will show superior 
gains. This is not due to difference in digestive or assimilative powers, 
but rather to the fact that the quiet animal has, from a given amount of 
food, a greater surplus of nutrients available for fat building. 

132. Comparative fattening qualities—lLawes and Gilbert*! give the 
following data regarding the comparative fattening qualities of the steer, 

“Ind. Buls. 153, 162, 167, 168, 178, 179. “!Warington, Chemistry of the Farm. 
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sheep, and pig, based on trials in which there were required, on the aver- 

age, for 100 lbs. gain: By steers, 250 lbs. oil cake, 600 lbs. clover hay, 
and 3500 lbs. swedes (rutabagas) ; by sheep, 250 lbs. oil cake, 300 lbs. 

clover hay, and 4000 lbs. swedes; by pigs, 500 lbs. barley meal. 

Comparative returns from the steer, sheep, and pig 

Average live weight 
Per head per week ; | | 

Total. dry food eatenie. 0 nce a2 eee 151 | 21 | 48 
Digestible organic matter in food............. 106 | 16 40 
Increase in live weight. . o0..0.0.cin.i4.. de. 13°63 >)| aay | TR 

Per 1,000 Ibs. live weight per week | 
Wotalidry food eaten. 24 enc. eee eee fot 2125 160 , 270 
Digestible organic matter in food............. 88 121 | 227 
Increase invdivewelcht: weal oye ene. 3 17.6 | 64.3 

Required for 100 Ibs. increase 
otal dry Toodseatense. e222: ete a tees 1109 912 420 
Digestible organic-matter......0..-..5......- (Ga 686 353 

The table shows that the average 1200-lb. fattening steer will consume 

during one week 151 Ibs. of dry food, containing 106 lbs. of digestible 
organic matter, and will gain 13.6 lbs. Because they are smaller the 
food consumed and the gains per head by the sheep and pig are much 

less. When the feed consumption and gains per 1000 lbs. of live weight 
are compared, however, it is seen that 1000 lbs. of pigs consume 270 Ibs. 
of dry matter per week against 125 lbs. for steers. However, the gains 
of pigs are enough more rapid to more than balance the greater con- 
sumption of feed. While the pigs consume about 2.2 times as much feed 
per 1000 lbs. as the steers, they make nearly 6 times as much gain. The 

reason why pigs require less food to produce 100 lbs. of increase than 
either steers or sheep is largely that their food is more concentrated and 
digestible, so that a smaller proportion is consumed in the work of diges- 
tion and assimilation, leaving a larger surplus for producing gain. 

133. Returns from feed.—The following by Jordan‘? shows the amount 
of food suitable for man returned by the different classes of farm animals 

for each 100 lbs. of digestible matter consumed : 

Human food produced by farm animals from 100 lbs. of digestible matter 
consumed 

. Marketable | Edible 3 Marketable | Edible 
Animal product solids Animal product solids 

Lbs. Lbs. Lbs. Lbs. 

Cowdmilk) oe. ae ee 139.0 18.0 || Poultry (eggs)...... 19.6 5.1 
Pisw(dressed) <2cee.s: 250 15.6 || Poultry (dressed)... . 15.6 4.2 
Cow (cheese)........ 14.8 9.4 || Lamb (dressed)..... 9.6 One 
Calf (dressed)........ 36.5 8.1 || Steer (dressed)...... 8.3 2.8 
Cow (butter)e.. sce: 6.4 5.4 || Sheep (dressed)... .. van) 2.6 

“The Feeding of Animals. 
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The table, which presents one side of a most complicated problem, 
shows that for 100 lbs. of digestible nutrients consumed: 

The cow yields about 139 lbs. of milk, containing 18 lbs. of solids, 
practically all digestible. 

The pig produces about 25 lbs. of dressed carcass. Allowing for water, 
bone, and gristle, there remains over 15 lbs. of edible dry meat. 

The steer and sheep yield less than 10 lbs. of dressed carcass, nearly 
half of which is water. Deducting this and the bone and gristle, there 
remains only from 2.6 to 3.2 lbs. of water-free edible meat. 

The cow easily leads all farm animals in her power to convert the 

crops of the field into human food, with the pig second, poultry following, 
and the steer and sheep coming lowest. 

Ill. Srupres oN GROWTH AND FATTENING 

134, Wide and narrow rations for growing steers—At the Maine Sta- 
tion** Jordan studied the influence of a ration rich in crude protein and 
of one poor in crude protein on the rate of growth and character of the 
flesh formed by growing steers. Four high-grade Shorthorn steer calves, 
from 5 to 7 months old when the trial began, were used. Lot I, 2 steers, 
was fed a concentrate mixture of 2 parts linseed meal, 1 part corn meal, 
and 1 part wheat bran, which furnished a large amount of protein. Lot 
II, 2 steers, was given a mixture of 2 parts corn meal and 1 part wheat 
bran, furnishing much less protein. The roughage for both lots consisted 
mostly of timothy hay, some corn fodder and corn silage being fed dur- 
ing the first winter only. The ration fed Lot I was thus rich in erude 
protein, having an average nutritive ratio of 1:5.2, and was also high in 
mineral matter. Lot II was fed a wide ration, having a nutritive ratio 
of 1:9.7, which supplied much less protein and also less mineral matter. 
Both lots were liberally fed, tho there was no attempt to force growth. 
One steer in each lot was slaughtered at the end of 17 months and the 
remaining two at the end of 27 months, all carcasses being analyzed to 
determine whether any difference existed therein. 

Results of feeding wide and narrow rations to growing steers 

Digestible Composition of entire body except skin 

matter for | 

pop ounde Water Protein Fat Ash 

Lbs. Lbs. Per ct. Per ct. Per ct. Per ct. 

Steer fed 17 months 
On narrow ration. . Wot 495 59 .02 17.89 18 .53 4.56 
On wide ration. ... 552 686 56 .30 17 .82 20R201 5.61 

Steer fed 27 months | 
On narrow ration... 962 773 51.91 16.93 25 .86 5.30 
On wide ration....| 1005 708 52.16 17.10 P45) 589 5 .42 

“Maine Rpt., 1895. 
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The table shows that during the first 17 months the steer on the narrow 
ration gained 185 lbs. more than the other on the wider one and that a 
given gain was made on less feed. The carcasses of both steers showed 
practically the same percentage of protein or lean-meat tissue, while that 
of the one getting the narrow ration had more water and less fat and ash. 

Of the steers fed 27 months, the one on the wide ration made the larger 
total gain and required less feed for 100 Ibs. of gain. The water, protein, 
and ash in the bodies of these 2 steers were practically the same. 

These data support the statement previously made (116), that a ration 
having a narrow nutritive ratio is conducive to the rapid growth of the 
young growing animal. On the other hand, when the body is partly or 

largely grown, the largest gains, which are then mostly fat, come from 

liberal feeding with rations which are rich in digestible carbohydrates 
and rather limited in crude protein—i.e., having a comparatively wide 
nutritive ratio. Doubtless more economical results than were secured 
with either lot would have been obtained had these steers been fed the 
narrow ration during the first 17 months or thereabouts, and then fat- 

tened on a wider ration. Trials with larger numbers of animals, already 

mentioned (180), show that the largest gains are made by 2-year-old 

steers when fed a somewhat narrower ration than the wide one fed by 
Jordan. 

135. Feeding pigs corn only.—In 1884 Sanborn of the Missouri Agri- 
cultural College** conducted studies in which growing pigs fed exclusive- 
ly on corn meal were compared with others fed on corn meal and either 
wheat middlings or dried blood. The corn-meal ration furnished an 
abundance of easily digested carbohydrates and fat, but was deficient in 
crude protein and mineral matter. The addition of dried blood or wheat 
middlings to corn meal formed a ration rich in crude protein and mineral 
matter as well as carbohydrates and fat. Sanborn showed that, com- 
pared with the corn-fed pigs, those getting rations rich in crude protein 
had a larger muscular development and more blood, and that some of 

their internal organs were larger. 
Realizing the fundamental importance of Sanborn’s studies, the senior 

author conducted numerous trials at the Wisconsin Station* in which 
dried blood, wheat middlings, field peas, and skim milk, with or without 

corn meal, were fed in opposition to corn meal alone. Shelton of the 
Kansas Station*® fed pigs a mixture of wheat shorts and wheat bran in 
opposition to corn meal, potatoes, and tallow. At the Alabama Station** 

Duggar fed cowpeas, which are rich in crude protein, against corn meal. 
In France Fortier*® duplicated a trial by the senior author, feeding skim 
milk, dried blood, and wheat middlings in opposition to corn meal. Thus 
at 5 widely separated points pigs were fed rations rich in crude protein 
and mineral matter, usually containing some corn meal, in opposition to 

4Mo. Buls. 10, 14, 19. “Kan. Bul. 9. 

4“ Wis. Rpts., 1886, ’87, ’88, ’89. ‘T Ala. Bul. 82. 

4Wxt. Trav. Soc. Cent. d’Agr., Dept. Seine-Inf., 1889, 1890. 
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corn meal alone, which is rich in carbohydrates and fat but low in crude 
protein and mineral matter. The following table summarizes the findings 
of two trials at the Wisconsin and one at the Kansas Station, these being 
typical of all: 

Effect on pigs of rations rich in protein and ash, compared with corn alone 

I. Daily gains, live weights, dressing percentage, and strength of bones 

Av. \Li : Strength of 

Station and feed Healy eyed Dressed) thigh bone 
gain | of trial | Carcass | per 100 lbs. 

live wt. 

Wisconsin Lbs. Lbs. Per ct. | Lbs. 

Otel Malks middlings) bloods: 2.0205 02....%. OM | 2230n | eolees 503 
ManmellesG@ornsmeal) 53.5 bo5 he st cee at alee 0.7 187 | 80.2 380 

Wisconsin 
Lot I, % blood, 2% corn meal................ 1:4. | 5298 | 83.2 385 
Done ll) 46 peas, $4 corn meal... :......52.-.5.. 2 S23 471 
aruba @ornemenly., 0.4 1a" ssi, fos S yea les Seas if 254 | 83.5 354 

Kansas 
PEGE OR ONOLES) TAN Ss seho i) siche, feys boos sale Seta es ae eS |) PALL Woes: 357 
Lot III, Potatoes, tallow, corn meal......... sy ee fil | 183 | 79.8 332 

II. Weight of internal organs and parts per 100 lbs. of dressed carcass 

Station and feed | Blood | Liver Kidneys | Tenderloin | Leaf lard 

Wisconsin Oz. Oz. Oz. Oz. Oz. 

Lot I, Milk, middlings, blood...| 54.4 26.9 5.0 17.1 79.9 
hotell: Gori méal: <0). 620. 22. 41.3 24.3 4.2 13.8 | 89.3 

Wisconsin | | | 
Lot I, % blood, 24 corn meal...| 47.1 22.2 3.9 | 
Lot II, 4 peas, 14 corn meal....| 44.7 ZAG 3.4 
otelMe Com meals. ci. ci6 65 oo 43.8 Wee 2.8 | 

Kansas 
Mat 1; Shorts; bran: <<)... - 50 .4 44.7 7.4 13.0 65.1 
Lot II, Potatoes, tallow, corn 

MCA ee oe oe 36.8 33.8 5.8 10.0 U8 

The first division of the table shows that the pigs fed rations rich in 
crude protein and ash made heavier gains than those fed rations poor in 
these constituents. As a rule the pigs getting the rations rich in crude 
protein had a larger amount of blood and heavier livers and other organs 
per 100 lbs. of careass, as is shown in the second division of the table. 

The strength of the thigh bones was determined in the following man- 
ner: The 2 rounded, iron supporting edges of a machine used for testing 
the breaking strength of materials were set four inches apart. On these 
a thigh bone was placed, the rounded edge of the breaking-bar pressing 
down on the bone from above, midway of its length. The downward 
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pressure was gradually increased, being measured by the tilting beam of 

the machine. Under the steadily increasing pressure the bone finally 

broke, its resistance at the time of breaking being recorded. The trials 
showed that the pigs fed the ration rich in crude protein had the strongest 
bones. In the first Wisconsin trial, as the table shows, the bones of the 
corn-fed pigs broke at an average pressure of 380 lbs. for each 100 lbs. 
of carcass, while those of the pigs fed milk, dried blood, and middlings 
broke at about 500 lbs.—a difference of 32 per ct. in favor of the pigs 
getting the ration rich in crude protein. 

In the first Wisconsin trial the pigs getting milk, wheat middlings, 
and dried blood had over 54 oz., or nearly 3.5 lbs., of blood for each 100 
lbs. of dressed carcass, while those getting only corn meal had less than 
42 oz., or but little over 2.5 lbs. The livers and kidneys of the pigs fed 

the rations rich in crude protein were in all cases relatively heavier, as 

were also the tenderloin muscles, lying along the back, showing that a 
superior muscular development was associated with the larger internal 

organs, more blood, ete. The corn-fed pigs, on the other hand, had stored 
more fat, as the proportion of leaf lard shows. Analyses of the organs 
and parts of the pigs used in the second Wisconsin trial showed further 
that the corn-fed pigs had proportionately less dry matter in their blood 
and kidneys and a smaller amount of dry lean-meat tissue than those on 
the narrow ration. 

Later investigations show that differences produced by the exclu- 

sive corn rations and those rich in crude protein were not entirely due 
to the difference in the supply of crude protein. In each ease the ration 
rich in crude protein was also the richer in mineral matter, for corn is 
not only low in erude protein but it also lacks mineral matter. 

To study the effect upon the carcass of varying the amount of protein 

in the ration when an abundance of mineral matter was supplied, Grind- 
ley and colleagues*® at the Illinois Station analyzed the carcasses of pigs 
fed corn and varying amounts of blood meal. from weaning, all animals 
being supplied with calcium phosphate in addition, to furnish a liberal 
amount of lime and phosphoric acid. Pigs fed rations very high in pro- 
tein, containing 26 to 35 per ct. blood meal, had larger kidneys and livers, 
and heavier, stronger bones than when a ration containing only 7 per ct. 
blood meal was fed. No difference was found between the various lots in 
the forms of nitrogenous compounds in the protein tissues or in the dis- 
tribution of the ash between the various organs of the body. 

136. Effect on tenderloins of exclusive corn feeding.—At the Missouri 

Station®® Forbes fed 6 lots, each of five 120-lb. pigs, on unlimited rations 
for 60 days. One lot was fed corn only, while the others received corn 

supplemented with the various by-feeds shown below. All rations but 
the one exclusively of corn had the same nutritive ratio. On slaughter- 
ing the pigs, portions of the tenderloin muscles were analyzed, with the 
results shown on the next page. 

111.) Buls: 168, 169, 174, 173! Mo. Bul. 81. 
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Composition of the tenderloin muscles of pigs variously fed 

Supplement fed per 100 lbs. of corn Water Protein Fat Ash 
Per ct. Per ct. Per ct. Per ct. 

IIRC OIN ONY. cos os clos ieee cele ve civ ces “1.5 19.2 7.28 1.11 
Lot II, Wheat middlings, 81.8 Ibs........... 72.9 20.7 5 .04 15 
Lot III, Linseed meal, n. p., 17.8 Ibs......... 74.1 20.5 4.01 1.18 
Potelvey soybeans, 19:6) lbs. 3... ...:.-.... 0. 72.9 20.9 4.79 eis 
Poumvembankare, 8 Ulbs. 2.0.0... .s ccc eee 73.7 19.8 ES il? Th 
Lot, V1, Germ oil meal, 39.4 Ibs... ........... 73.5 20.5 4.67 1.08 

It is shown that the muscles resulting from exclusive corn feeding had 
more fat and less water and protein than the others. The corn ration 
and the corn and germ oil meal ration, both low in mineral matter, pro- 

duced muscle lower in ash than the other rations. While the muscles 
from the pigs fed exclusively on corn contained less protein than the 
others and were therefore really smaller in size, because of their high 
percentage of fat they would, on cooking, furnish meat which would be 
more juicy and toothsome than that of the other lots. 

137. Discussion of the pig-feeding experiments.—In analyzing the two 
preceding experiments we should hold that the pigs given feeds rich in 
crude protein and mineral matter developed bodies that were normal in 
skeleton, muscles, and all internal organs. Those fed corn exclusively 
were prevented from building a normal body structure because of the 
insufficient and unbalanced supply of crude protein and a lack of enough 
mineral matter in their food. We should not forget that all parts of the 
normally nurtured body attain a certain normal development which 
eannot be materially increased beyond a constitutional limit. Only in a 
small degree can the stockman in a single generation increase by what he 

may feed the size of the bones and the muscles of the animals under his 
eare. On the other hand, Nature sets no such close limitations on the 
amount of fat that may be stored. This varies according to inheritance, 
the nature and abundance of the food, the amount of exercise, ete. The 
skeleton, the muscles, and all the organs of the body increase during the 
plastic stage of youth and cannot be augmented in the mature animal. 

(113) The quantity of fat which the animal may lay on is limited dur- 
ing youth and is more easily and largely stored after maturity has been 

reached. (122) 

These experiments should impress upon the stockman the plastic nature 
of the bodies of young, growing animals. They show it possible for 

immature animals living on unsuitable food to survive a long time and 
develop bodies that are dwarfed in size and made unnaturally fat. They 
help to show that Nature’s plan is to first grow the body framework and 
afterwards to lay on the fat. They point to’ the reasonable, important, 
and far-reaching conclusion that if a pig or other young animal is im- 
properly fed so as to modify its bones, muscles, and vital organs even a 

very little, and the process is repeated during several generations, the 
cumulative effects will be marked and permanently injurious. The prac- 

tical lesson is taught that young animals should be nurtured on a combina- 
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tion of feeding stuffs that will develop the normal framework of bone, 
muscle, and all body organs. This calls for a ration containing crude 
protein and mineral matter not only in ample amount, but also of suita- 
ble composition for rapid formation of body tissues. Having developed 
the proper framework of bone, together with the enveloping muscular 
system and all the organs of the body, the food supply may then consist 
largely of carbohydrates and fat, which are the cheap and abundant 

sources of animal fat. 
In America corn is the common feeding stuff for swine, and pigs show 

such fondness for it that harm often results because the practice of the 
feeder and breeder is guided by the appetite of the animal rather than by 

a knowledge of the composition and limitations of feeds. Let us not 
despise corn because when wrongly and excessively used, as it purposely 
was in these experiments with young, growing pigs, it fails to develop 
the normal framework of bone and muscle. Each feed has its funetion 

in the nutrition of animals, and only by its abuse can unfavorable 

results follow. 
138. Growth under adverse conditions——At the Missouri Station?! 

Waters kept 15 steers, varying from fat show animals to those in ordinary 

farm condition, for long periods on rations sufficient for maintenance. 
Below are given the results obtained with 4 yearling steers kept at con- 

stant body weight: 

Growth of steers maintained at constant body weight 

Increase in tee 

L h eee Decline i diti Age at engt : in wi ecline in condition 
beginning of period " peers takes Be dine of chest from— 

Months Months Per ct Per ct. Per ct. Per ct. 

11 7 10.2 abil 5.6 10.1 Good to com. 
9.5 12 9.9 19.7 8.5 12.1 Med. to thin 

16.5 1, 6.8 12..0 6.0 10.6 Prime to com. 
ed iy 5.8 9.6 a 9.4 Prime to com. 

The table shows that in each case there was a marked increase in the 
height of the animal at the withers, the length of head, and the depth 

of chest, denoting a growth of the skeleton. The decrease in width of 
chest shows a thinning of the flesh covering the skeleton, indicating that 
the stored fat was re-absorbed or withdrawn from the tissues in the 
effort to continue growth on insufficient food. Examination of the fat 
cells of these animals showed a uniform reduction in their size as com- 
pared with those of animals receiving liberal rations. 

In other trials by Waters and P. F. Trowbridge®* at the Missouri 
Station steers in a thrifty growing condition, weighing 573 to 740 Ibs., 
were fed rations just sufficient to maintain their weight for various 
periods of time, and were then slaughtered and the carcasses analyzed. 

51Prac. Soc. Prom. Agr. Sci., 1908. * Information to the authors. 
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Others were fed sub-maintenance rations on which they lost 0.5 lb. per 
head daily, and still other rations on which they made 0.5 Ib. daily gain 

per head. Even the steers losing weight made steady growth in skeleton. 
A steer weighing 654 lbs. when placed on the experiment lost 199 lbs. 
in 12 months, but nevertheless gained 3.6 inches in height at withers, 
and 4.5 inches in length of body. While the carcass of the steer slaugh- 
tered and analyzed as a check animal at the beginning of the trial con- 
tained 56.5 lbs. of fatty tissue, that of an animal which had been given 
a ration just sufficient to maintain its weight for 12 months contained 
only 24.3 lbs. of fatty tissue. An animal which had lost 0.5 Ib. daily 

in weight steadily for a year had used up practically all of its fatty 

tissues for body fuel. Indeed only 0.4 lb. of fatty tissue could be sepa- 
rated from the entire carcass of the animal. 

The following table shows the changes which were produced in the 
composition of the fatty tissues, lean flesh, and skeletons of 3 of the 

animals, compared with the tissues of the steer slaughtered as a check 

animal: 

Changes in body tissues of steers on scanty and liberal rations 

Steer I, Steer Tir _ Steer 188 ‘ Steer IV, ; 

ebecl(animialll oun een ation ia inter emo, 

Fatty tissue Per ct. Per ct. Per ct. Per ct. 

Rte ie ess 19.0 | 36.2 81.2 | 18.5 
site peace tev nets 74.8 | 50.8 4.6 73.4 
Protein 6.0 13.6 9.7 6.5 
AG Soe ee eae 0.2 0.5 Meal 0.2 

Lean flesh 
WiC Cis scscsicets 71.0 74.0 76.9 cele 
Hapa ee 2. | 8.0 4.6 oie ae 7.8 
TOLene ts sel 20.1 19.7 19.8 19.2 

LAGI 2. SA aire reer 0.9 1.0 tO 0.9 
Skeleton 

Witter ss = chs! 330 oll 36.2 52.6 35.4 
INDIR EAS Soon 14.7 16.4 2.9 17/683 
Protein 20 .4 | 20.0 19.1 19.8 
PAST Aas deeets, cboh 25.23 | 26 .6 22.8 DIPS 

The table shows that in the case of Steer II, held at constant weight 
for 12 months, much fat had been withdrawn from the fatty tissue, being 
largely replaced by water. So far had the withdrawal of fat progressed 
in the case of Steer ITI, that the small amount of ‘‘fatty tissue’’ which 
was secured from the carcass contained 81.2 per ct. water and only 4.6 
per ct. fat! With the withdrawal of fat the percentage of protein and 
ash had increased. The lean flesh suffered much less change than the 
fatty tissues, even in the case of Steer III, which lost nearly 40 per ct. 

of the lean meat in his body during the trial. The data show that on: 
insufficient food the fat was withdrawn to a marked degree from the 

lean flesh of the body. 
The skeleton is not affected by poor nutrition until practically all 
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the fat has been removed from the fatty tissues and the muscles. In 

the case of Steer III the withdrawal of fat had gone so far that nearly 
all the fat had been removed from the marrow of the skeleton and re- 
placed with water. Indeed, the marrow had practically disappeared and 
in its place was a watery, ill-smelling liquid. This re-absorption of fat 
takes place from all parts of the skeleton. In contrast with these changes, 
the protein and ash content was but slightly reduced, even in the case of 
Steer IIL. 

In the process of fattening, the fat is laid on the body in a certain 
order, being deposited first and most rapidly in certain regions, while 
in others little is stored until fattening is well advanced. Waters states 
that the withdrawal of fat from the tissues occurs in the reverse order 
from which it was laid on—that first deposited being the last to be 
absorbed. 

An experiment with two 8-months-old steers, one on full feed and the 

other on a maintenance ration, showed that on the whole the animal on 

full feed increased in height more rapidly than the one on maintenance. 
However, for a considerable period the poorly fed steer grew as rapidly 

as the other. Waters states that the length of the period during which 
poorly fed animals gain as rapidly in height as well nourished ones 

ranges from 70 to 120 days, depending on the constitutional vigor of 
the individual and the excess fat with which it starts. After this period 
the increase in height becomes less rapid, ceasing altogether in from 6 

months to a year and a half, by which time the animal has become quite 

thin and has re-absorbed all fat not necessary to its life. For 5 months a 

steer fed less than a maintenance ration and losing in weight grew in 
height as fast as one on full feed. 

Growth on scanty rations is not due directly to the fat re-absorbed from 

the body. The animal burns its stored fat to support the body, and the 
protein in its food is used for building body tissue. The supply of 
mineral matter in the maintenance ration used in these studies was 
probably sufficient to provide an excess for growth. The steers developed 
depraved appetites in a short time after being placed on scanty rations 
and ate considerable earth, possibly making use of some of its mineral 

matter. 

Waters concludes that the young animal may advance to normal size 

by any or all of the following ways: 
1. By growing steadily from birth to maturity. 
2. By storing fat in a period of abundant food supply to assist in 

tiding over a limited period of sparse food supply without serious inter- 

ruption of growth. 
3. By prolonging the growth period. 
4. By an increase in the rate of growth during a period of liberal 

feeding following a period of low nourishment and low gain. 
5. By conserving the cost. Apparently the animal when kept for a 

long period on scanty food gets on a more economical basis than when 
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more liberally fed. A ration which is at first insufficient to maintain 

the animal may be capable later of keeping the animal at a constant 
body weight, and still later of causing gain. 

139. Effects of checking growth.—Waters, Cochel, and Vestal’* have 
conducted numerous experiments at the Kansas Station to determine 
the effect on the subsequent development of pure-bred beef steers of 
checking their growth for various periods by under-feeding. They 
report that supplying a young, growing animal with a scant ration for 
a short period only will have no permanent effect on its development. 
Even when insufficient feeding is continued for a year or longer, the 
animal will recover to a surprising extent when placed on liberal feed, 
making unusually rapid and economical gains. Osborne and Mendel” 
have shown that while the normal growth period of rats rarely exceeds 
335 days, those whose growth has been checked by insufficient food will 
resume growth even at the age of 480 to 532 days. 

The Kansas experiments show, however, that while a steer whose 
growth has been checked for a year or more may grow nearly as tall as 
one fed well all along, it is almost certain to have a smaller digestive 

capacity, narrower hips, flatter ribs, heavier shoulders, and lighter hind 
quarters, even when finished for market. The form of the highly devel- 
oped beef animal has evidently been caused by broadening the animal 
thru heavy feeding while young. If insufficient feed is supplied to 

distend the digestive tract and force out the ribs and hips when yet 
plastic, the body of the animal will never attain the desired conformation. 

These studies on growth are highly significant to the stockman. They 
show that under certain conditions it may be profitable to carry growing 
animals thru the winter on roughages alone, even tho they lose slightly 
in weight, for on a return to good pasture, animals in spare but thrifty 

condition make exceedingly economical gains. However, the breeder 
who seeks to develop his animals toward an ideal must supply ample 
feed during the whole growth period. 

=Kansas Industrialist, May 10, 1913; Apr. 13, 1914; and information to the 
authors. 

* Jour. Biol. Chem., 18, 1914, pp. 95-106. 



CHAPTER VI 

PRODUCTION OF WORK, MILK, AND WOOL 

I. Propuction or Work 

It has long been known that muscular exertion or external body work 

ereatly increases the amount of food material burned or broken down 

in the body, but scientists have disagreed as to whether one or all of the 

nutrients—protein, carbohydrates, or fat—furnishes the energy. Liebig, 

“the father of agricultural chemistry,’’ held that the protein of the 
muscular tissues was the only material broken down in producing volun- 

tary and involuntary motions, whether of the limbs, heart, or other parts 

of the body. 

140. Waste of protein tissues during work.—That protein is not an 
important source of body energy was shown by Fick and Wislicenus,' 

who in 1865 ascended the Faulhorn, an Alpine mountain. While climb- 

ing the mountain these investigators consumed only non-protein food ; 

i. e., starch, sugar, and fat, and during this time they collected all the 

urine passed. The amount of nitrogen excreted in the urine during 
the trial follows: 

Nilrogen excretion during mountain climbing 

a F Nitrogen excreted per hour 
lotal nitrogen excreted (average) 

Vick Wislicenus . Tick Wislicenus 

: ay Grams Grams Grams Grams 

Night before ascent..............--- 6 .92 6 .68 0.63 0.61 
IDUPINE ASCENT tui1c5 th eseunciiens tle sins Sool 3.13 0.41 0.36 
Atterascent 20. sive cunts cloves sus teess Wiens 2.43 2.42 0.40 0.40 
Night atter ascentic ai ccc enced 4 .82 5.35 0.45 0.51 

The table shows that only about two-thirds as much nitrogen was 

excreted per hour during and immediately after the climb as prior to it, 

when there was more or less residue in the system from the previous 
meal containing protein. Had the nitrogenous tissues or the muscles of 

the body been broken down directly in proportion to the labor performed, 

there would have been a large increase in the nitrogen excretion during 

and following this fatiguing work; but such was not the ease. Measured 
by the nitrogen in the urine, the protein broken down during the trial 

could not possibly have furnished energy for more than one-third of 

the work done by these men in lifting their bodies to the top of the 

mountain. 

1Jour. Roy. Agr. Soc., 1895; U. S. Dept. Agr., Office of Expt. Sta., Bul. 22. 
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From this trial and experiments by Voit, Pettenkofer, and Parks it 

was decided that only carbohydrates and fats were oxidized and burned 
in the production of muscular energy. Still later experiments by Ar- 
gutinsky, Zuntz, and others have shown that when carbohydrates and 
fat are sufficient in amount they furnish all the muscular energy, and 
in such cases the breaking down of protein is not increased during work. 
However, if the supply of carbohydrates and fat in the food is insufficient, 
some of the energy for the production of work may be furnished thru 
the breaking down of protein, with a resultant increase in the nitrogen 
excretion in the urine. 

141. Excretion of carbon dioxid——Whether the material burned to 
furnish muscular energy be carbohydrates, fat, or protein, carbonic 

acid gas will be produced, the quantity directly depending upon the . 
amount of work done. This was shown by Smith,? who determined the 
quantity of carbonic acid gas exhaled by the horse when at rest and 
performing labor as follows: 

Cubic feet 
Form of work per hour 
bMS Get cle. AR Bm Pe i es BC 1.03 
RPT Pa ke re Sig Ae eA Srathe statin took mess 1.10 
ULE LLCS. Lac RIE eR RRL Rg eo 2.95 
eM cs ie Nee SM a eG Ded A Saks eb be 4.92 
Cra WASELC Ot a DR EN BE RoR IN 2 ct a as 14.97 

Thus, unlike the nitrogen excretion, the amount of carbon dioxid ex- 
haled per hour is increased by the performance of work, and depends 
upon the work done in that time. 

142. Production of muscular energy.We know that in doing work 
the muscles of the body contract; that is, become shorter and thicker. 
Yet in spite of all the study of scientists we do not yet know definitely 

the direct cause of muscular contraction. In just what manner the 
energy stored in the food is converted into the energy of muscular action 
is still an unsolved question. We do know, however, some of the pro- 
cesses which take place in the working muscles. 

The most significant change which takes place during muscular con- 
traction is the increased production of carbon dioxid, already noted, 
which seems to bear a definite relation to the amount of internal and 
external work performed. There is also a large increase in the amount 
of oxygen taken up by the muscles from the blood during work. The 
increase in oxygen consumed and carbon dioxid given off might lead to 

the conclusion that the activity of the muscle during contraction is due 
to simple oxidation, such as occurs when fuel is burned. However, cer- 
tain facts which cannot be dwelt upon here lead scientists to believe 
that the chemical changes by which energy is liberated are not simple 
oxidations, but are more in the nature of sudden decompositions or 
cleavages of some complex substance or substances built up in the muscle 
during rest, carbon dioxid being evolved in such cleavage.* Part of 

2Jour. Physiol., 1890, No. 1; U. S. Dept. Agr., Office of Expt. Sta., Bul. 22. 

* Armsby, Principles of Animal Nutrition, 1903, p. 187. 
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the energy liberated in this decomposition appears as heat, and another 
part as mechanical work. 

Glycogen, or animal starch, is stored in the muscle during rest, forming 

between 0.5 and 0.9 per et. of the weight of well-nourished muscle in 

the resting condition. (60) <A smaller quantity of glucose is also found 
in the muscular tissues. During muscular activity this stored glycogen 

and glucose disappear more or less, in proportion to the extent and dura- 
tion of the contractions, so that after prolonged muscular activity or 
hard work the supply may be entirely exhausted. Tho the amount of 

these carbohydrates in the body tissues at any one time is small, a 
supply, especially of glucose, is being continuously produced from the 

food nutrients or body tissues to replace that oxidized in the production 
- of work. As the larger part of the food of farm animals consists of car- 
bohydrates, the oxidation of the glucose formed from them probably 

furnishes most of the energy for the production of heat and work by 

these animals. To supply the muscles with the necessary oxygen and also 

carry away the waste products formed during muscular exertion, the 
circulation of the blood must be hastened and larger quantities of air 

be taken in by the lungs. 
143. Source of muscular energy.—All the organic nutrients absorbed 

from the food, not only the carbohydrates and fats, but also the proteins 

and apparently the pentosans, serve as sources of energy to the body. 
Under normal conditions the non-nitrogenous nutrients and the glycogen 
are first drawn upon for the production of work, no more protein being 
broken down than during rest. If the non-nitrogenous nutrients do not 

suffice for the production of muscular energy, then the body fat is next 
drawn upon. If this is insufficient or is much diminished by continued 
work, then as the last resort the muscles or other protein tissues will be 
called upon to furnish the needed energy. 

144. Relative value of nutrients.—Investigations by Zuntz and his 

associates show that the value of each of the different classes of food 
nutrients for the production of work depends upon the total energy it 
contains. In one experiment? the diet of a man turning a wheel consisted, 
during separate periods, chiefly of either fat, carbohydrates, or protein. 
For 1 unit (kilogrammeter) of work the following amounts of energy 
were expended: 

Energy expended 
Period Nutrient eaten per sae ch work. 

Jal. 

I Probeltics 5.3 Wesabe 2 So era ull ene Ree One 11.92 
II Carbohydrates. 50s She ale Hie ea iis aie ae aan nante 11.54 

III Hatin sd eit oa Fititiea value cp ae ste ae eR eee RE cree Te ORS 
IV PrOteIns. sn eh oe oe Oo eee ee Cae 10.78 
V US Bho cod irs eo na pata Rice sre renee foe reste beta c tate Mae eT GaP Dae nena 9 .25 

It is shown that approximately the same fuel rations were required to 
produce a given amount of work whether the fuel was protein, carbohy- 
drates, or fat. It will be noticed that the energy expended was less in 

‘Arch. Physiol. (Pfliiger), 83, 1901, p. 564. . 
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the last trials on account of the proficiency which had been attained in 
the work. 

145. Energy requirements for work.—The total energy required to 

produce a certain amount of external work depends upon many factors. 
Experiments by Zuntz’ with the horse show that an increase in the speed 
at which work is performed results in an increased expenditure of energy 

per unit of work. Practice in performing a certain work lessens the 
energy expenditure for that particular form of labor. In experiments 
upon himself Gruber® found that in climbing a tower the amount of 
earbon dioxid exhaled and hence the energy expended was decreased by 

20 per et. after training for 2 weeks. In experiments by Liwy’ on him- 
self, and by Zuntz® upon horses, fatigue caused an increase of from 14 to 
41 per ct. in the amount of energy expended in performing a given 
amount of work. This increased expenditure of energy is largely due to 

the fact that with increasing fatigue the muscles normally used, and 

which are thus the most efficient in performing the given work, are put 
out of use. Then other less used muscles are called upon to a constantly 

increasing degree, and these cannot perform the work so efficiently or 
economically. 

The part of the expended energy appearing in useful work varies in 

accordance with the build of the animal, the development of its muscular 
apparatus, and the structure of its extremities which bring about the 
work. Zuntz found great variations in the energy expended by different 
horses of the same weight in traveling upon a level track, a lame horse 
expending 99 per ct. more energy than a sound one. In the work of 
climbing a grade he found a variation with different horses of as much 
as 52 per ct. in the proportion of the total energy expended which ap- 
peared as useful work. An animal which is able to accomplish one form 
of work most economically may have to expend an unusual amount of 

energy at other kinds of work. For example, horses bred for generations 
to the saddle can carry the rider with smaller expenditure of energy 
than those whose breeding, form, and qualities specially fit them for 
draft purposes. 

Certain forms of labor are performed with greater economy of energy 
than others. Katzenstein® found in experiments with men that about 65 

per ct. more energy was used in turning a wheel with the arms than was 
required when the same work was done with the legs. 

146. The animal as a machine.—The extensive investigations by Zuntz 
and associates with men, dogs, and horses show that, aside from small 
variations due to the nature of the work and other factors, the part 
of the energy expended which is actually transformed into external 
work is quite constant for each class. With animals at moderate work 
the part of the energy which appeared in external work varied from 28.8 

5Landw. Jahrb., 27, 1898, Sup. III. SLandw. Jahrb. 27, 1898, Sup. III. 

°Ztschr. Biol., 38, 1891, p. 466. °Wolff, Farm Foods, p. 84. 

“Arch. Physiol., 49, 1891, p. 413. 



1 MMM AND MMMDING 

ho OG porcel, of the total onerey cocpended On the iverige ob id reason 

Whle fo Hold Tih WHE ed a boa One thie GF the oneney 

COHMEIOCE HH OOOH COCQEIO nn da recoyverodi na cocbernih work, he: reat 

Wilied Che Por ob teak Within the body, Gide Tonio Bi ia the proddetion 

Of worl id conecmnied, “Ria doce nol bales cabo neeouwnl the energy boat oo 

Hi oacteba, Her Tih cogpended Por dives bion, Gee iod, el tlie dinin 

hones ol the body dha voab Abwitee! found thi a iii retuned 

WG poreb of the Poel valde oF tia food: aia eoernit worl The hewt 

dhe ines Taive aibedb the annie aiicieney, While The iverive engine 

Milind below PO percet, Clisoline cation einige da efiicienay Pronk FO to 2 

perceb, EN, Ue ee OTe The er heeky Govino Piyvorabby 

WHER The Deb oda ered TRO LenED ron Do) pecePO digs coche ih wordy 

Lhe body Gh pe pre a Deport dhe owi Pied abowe ch Gabi needed, 

Hite WT repre CUE leita ded periiteie, da well na dieadt, 

move, Hid eoubeol baal When all thede Ciehiona are commerce the 

HO Veo pe Pee hon OF THe HE Dbochy GAO eT He Deconien append 

AY, ‘The body nolo bent mavehine, Me i body ta ob i eng 

Whieh Convert Teal tite tiechinionh work, Ang Ariiaby!) potite aut, the 

POW OP ALO ape da derived direethy Front the Tent prodiead by 

Khe borne cout Dab di the iad boeky the energy of thie Pood tea livin 

Noriied abe work ui qiuihe diothen way, While the Poeb vate of a food 

Paprodente the Cott oth OF energy ch enn Tbeaite ta the body, a vary 

bie pel of Glin total energy ta alwaye nel Frao d the body aia heat, ane 

Whin tent ean do noe eaderiab work, tho dh warnia the body, Oudy that 

pik ot the Pood eneryy whieh in Tbeaibed tio other Poriia (iin Heat evn 

he oubilived for the produetion ab either citernak or eocharnal worl, py 

PrOc orien HET CHC THe UII He Te PrOcliGee Hen anergy, 

Hot, Debt, id eleeieterhy within etiicngney grenbeas Chinn iiny niet 

minde by nin. WotR ats the Poel bored at Tow Gem pentane, he 

low worn ind frethy procdiee Tehb without dennible Tons of teat ov other 

energy, aod the torpedo Cah ind eleeheie eel ponemite eleebmienhy by 

monne centoiowe,  Serenbinte and: divertor atte ave battled by the mya 

haoun ad Wwondertil proceed Contin totaly oeouiiig oa the ail 

badly 

An the Horde dn the petnedpal eh ianeliiie Por performing: worl, 

Hhin vhjech in aippropeintely contented: ta Ohaptor VEE, 

11 Priopudrion ow Mitte 

1448, Seavetion of mill Malhk, the qiarveloun (iid designed by Nature 

for the notinhment of the young of at nianiiiits, da seereted: Dy spectil 

orgie, called the miioiey elinda,  Setenbinte ciigree ato the exaed 

procemt by whieh the mille ia Formed a the AE aie dilce bodies, lanowin 

an alveods, (the tidlder,  Thowever, we do know that the blood, Taden 

with notelenta, in bronght by the enapitiarion of the adder to the alveolt 

WoW, Depl Apr, OMee Mopl, Ata, Dab od, "Pann, Wal, 4A 



VHODUCTION OF WOMK, MILK, AND WOOK, 0% 

The nutrients then pass thru the walle of the enpillarios into the alveoli, 
where hy one of Nature’ wonderful processes they are converted ine 
milk, which differs entirely in composition from the Wood, whenus i 
oviginites, The chief proteins of milke-cosein nnd milk slhumene—differ 
from wl other proteing of the body, and the mille fat aloo ne entirely 
different propertios trom the hody tot of the same animal, Milk sugar, 
the carbohydrate of milk, is found nowhere else in the body, While the 
blood contains much more polawium thon sodium, in milk sodium pre 
dowminntes, 

Vrom the alveoli the milk posses into the network of mille ducts, In 
womne animals the large milk ducts open diretly on the surface of the 
tent, Wut in others, including the wow, they open into w sinall wnyvily, 
Called the milk cistern, which is just shove the tent, Most of the milk 
yielded wt one milking is secreted during the milking proce, for in the 
udder there is room for the Morage of Wut a sinall part of Uhe total amount 
produce, 

Tho the seoretion of milk is involuntary and cannot he prevented 
by the animal any more than can breathing or the circulation of the 
blood, the flow may We reduced hy nervousness onused Wy fright, an un 
familiar attendant, or other unusual excitement, The animal haa ou 
siderable power Ww “hold up’’ the milk alrendy secreted in the udder, Wy 
amtiraning the ving of musmle which partially separates the milk cistern 
from the tent, and similar muses guarding the milk ducts, 

Only in most exceptiona cases dows Whe Wie seoreling time of the 
mammary gland develop Whetore the animal hemes pregnant, Mow 
ever, when an extract is mate trom an unborn fetus anid injeted in 
the blood of # virgin anima, the mammary gland develops just na the 
the animal were pregnant, Vhis lenda wientiste Ww Welieve thas in he 
developing tus # mysterious Chemicon) mamenger, ov “hormone,” iM 
formed, which is carries hy he Wood to the udder, wid there stimulates 
the development of the alywliemnn example of the surprising degres W 
which the activities of the body are dependent on each omer, 

149, The source of tat in milk-—Vor many yours it was believed that 
the cow could form the tat of milk only from tat in her food, This was 
Mieproved hy Jordan and Senter’ of the Sew York (Genera) Mation 
in an ingenious experiment, A thousand In, of hay wid VOW) tha, each 
of corn meal and ground onte were sont to 9 new -proues OiLenen tampry, 
where nearly all the tat was extracted with naphtha in the pereolators 
employes tor extracting the oil from crushed flan woh, (M4) Vhe 
almost fat-free tools were returned Wo the Mahion and atlerwards tod to 
a ww which had freshened nhout 4 months before, Vor Wo days the 
wow Vived om these nearly tot-tree teeAs, yA during this period she gave 
02,9 it, of tat in her milk, The food she consumed contained but IL4 
the, of fat, of which only 67 Vin, waa digested, Wenee wh \onm 9/72 Nim 
oft the tat found in the milk must have been derived trom wine other 

“Mm, Y. (Geneva) Was, 147, 
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source than the fat in the food. This fat could not have come from the 
body of the cow, for Jordan writes: ‘‘The cow’s body could have con- 
tained scarcely more than 60 lbs. of fat at the beginning of the experi- 
ment; she gained 47 lbs. in weight during this period with no increase 
of body nitrogen, and was judged to be a much fatter cow at the end; 
the formation of this quantity of milk fat from the body fat would have 

caused a marked condition of emaciation, which, because of an increase 
in the body weight, would have required the improbable increase in the 
body of 104 lbs. of water and intestinal contents.’’ 

Jordan concludes that not over 17 lbs. of the fat produced during 

the trial could possibly have been produced from the protein supplied 

in the food. It is most evident that a large part of all the fat produced 
by this cow must have come from the carbohydrates in her feed, and so 
a long disputed question is at length settled. 

150. Nutrients required for milk production.—To aid in showing the 
nutrients required for the production of milk, let us compute the amount 

of product yielded by a well-bred dairy cow in the course of a year. 
Such an animal, of no unusual ability, should yield 8000 lbs. of milk 
of average quality. Taking the composition shown in a previous table 
(115), we find that she will produce annually in her milk 272 lbs. of 

protein, 296 lbs. of fat, 392 lbs. of milk sugar, and 56 Ibs. of mineral 
matter. This is 56 per ct. more protein, 30 per ct. more non-nitrogenous 
nutrients (fat and carbohydrates), and 19 per ct. more mineral matter 

than is contained in the entire body of a fat 2-year-old steer weighing 
1200 lbs. (29) 

Thus each year the cow yields more protein and mineral matter than 

has been built into the body of the steer during its entire life. At 
the same time she is also storing considerable protein and mineral matter 
in the developing body of her unborn ealf. It is therefore evident that, 

far different from the requirements of the mature horse at work or of a 
mature fattening animal (140,180), the cow needs a liberal supply of 
protein and mineral matter. To yield the great amount of nutriment in 

the milk a ration supplying a large amount of net nutrients is also neces- 
sary, for energy used up in the mastication, digestion, and assimilation 
of such feeds as straw is of no value for the formation of milk. We have 
seen (118) that for growth individual proteins have widely different 
values. Hart and Humphrey* have found in recent metabolism experi- 
ments with dairy cows at the Wisconsin Station that proteins from 
various sources are of different worth for milk production. In these 
trials cows were fed a basal ration of corn stover, which supplied but a 
small amount of digestible protein. To this ration was added either corn 
or wheat grain (much of the protein in both of which is unbalanced in 
composition) or milk protein, supplied in the form of skim-milk powder 
and casein (furnishing proteins which are complete in composition). 
The percentage of the digestible protein of these rations which was used 

7%2Information to the authors. 
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by the cows for milk production and the formation of body protein was 
40 per ct. with the corn ration, 34 per ct. with the wheat ration, and 58 
per ct. with the milk protein ration. Such complete proteins as are fur- 
nished by milk are thus apparently higher in efficiency for milk pro- 
duction. 

Since most of the scientific studies of the factors influencing the pro- 
duction of milk have been conducted with the dairy cow, the discussion 
of milk production as relating to that animal is continued in Chapters 
XXI to XXV. The requirements of the mare, ewe, and sow for the 

production of milk are also treated in the respective chapters of Part III. 

III. Woot PRropuctTIion 

151. Composition of wool.—Aside from moisture and dirt, ‘‘wool’’ is . 
made up of pure wool fiber and yolk, the latter including the suint and 

the wool fat. The wool fiber is practically pure protein, and is of the 
same chemical composition as ordinary hair, but differs in being covered 
with minute overlapping scales. The suint, chiefly composed of com- 
pounds of potassium with organic acids, comprises from 15 to over 50 

per ct. of the unwashed fleece, being especially high in Merinos. As 
suint is soluble in water, most of it is removed by washing the sheep or 
fleece, and less is present in the wool of sheep exposed to the weather. 

The fat, often incorrectly called yolk, is a complex mixture of fatty sub- 

stances, insoluble in water, and may make up 8 to 30 per ct. of the weight 
of a washed fleece. 

152. Requirements for wool production.—Owing to the large amount of 
protein stored by sheep in their fleece, their ration should contain some- 

what more protein than rations for cattle or swine at the same stage of 
maturity. As is shown in the next chapter, this is taken into considera- 

tion in the various feeding standards which have been formulated for 

various classes of animals. With ewes, which are either pregnant or 
suckling lambs, there is a double demand for food protein, which makes 

a liberal supply especially advisable. Tho the suint of wool is rich in 
potassium, this constituent is amply supplied by all usual rations, since 
practically all the common roughages are rich in potassium, and most 
concentrates carry a fair amount. 

Experiments by Wolff'* and Henneberg!® show that when sheep are fed 
insufficient food to maintain their weight, the yield of wool is consider- 
ably diminished. On the other hand, according to Warington,!® the 
production of wool hair and wool fat is practically no greater when a 

full-grown sheep receives a liberal fattening diet than when it is main- 
tained in ordinary condition. Feeding lambs liberally produces a larger 

body and consequently a heavier fleece. At the Wisconsin Station1’ 
Craig found that lambs fed grain from an early age sheared about 1 lb. 

“TLandw. Vers. Stat., 1870, p. 57. Chemistry of the Farm. 

% Jour. Landw., 12, 1864, p. 48. “Wis. Rpt. 1896. 
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more of unwashed but practically the same amount of washed wool as 
those getting no grain until after they were weaned. The early feeding 
had produced more yolk but no more wool fiber. 

The strength of the wool fiber is dependent on the breed, the quality 

of the individual sheep, and the conditions under which they are reared. 

Conditions which check the growth of the wool, such as insufficient feed, 
undue exposure, or sickness, will produce a weak spot in the wool fiber, 
thus lessening its strength. The feed ana care for the flock should there- 

fore be as uniform as possible. Certain regions or districts may produce 
wool of superior or inferior quality, due to the climate, soil, topography, 
and the forms of vegetation. 



CHAPTER VII 

FEEDING STANDARDS—CALCULATING RATIONS 

I. EARLY FEEDING STANDARDS 

In the preceding chapters we have considered the functions of the 

various nutrients in the nourishment of animals and have studied the 
general requirements for maintenance, growth, fattening, and the pro- 

duction of work, milk, and wool. To guide the farmer in choosing 

and computing rations for his stock, scientists have put these require- 

ments into definite form thru the drawing up of feeding standards. 
These are tables showing the amount of each class of nutrients which, it 
is believed, should be provided in rations for farm animals of the various 
ages and classes, to keep them in the best condition and secure maximum 
production. 

At the beginning of the last century almost nothing was known con- 
cerning the chemistry of plants and animals. The farmer then gave his 
stock hay and corn without knowing what there was in this provender 
that nourished them. But science soon permeated every line of human 

activity, and agriculture was benefited along with the other arts. Davy, 

Liebig, Boussingault, Henneberg, Wolff, Lawes and Gilbert, and other 
great scientists were early laying the foundations for a rational agri- 
cultural practice based on chemistry, and animal feeding gained with 
the rest. 

153. Hay equivalents.—The first attempt to express the relative value 
of different feeding stuffs in a systematic manner was by Thaer* of 
Germany, who in 1810 published a table of hay equivalents with meadow 
hay as the standard. According to this writer the amounts of various 
other feeding stuffs required to equal 100 Ibs. of meadow hay in feeding 

value were: 

91 lbs. clover hay 417 lbs. rutabagas 
91 lbs. alfalfa hay 602 lbs. cabbages 

200 Ibs. potatoes 625 lbs. mangels 

Naturally opinions on feed values varied, and so there were about 
as many tables of hay equivalents as there were writers on the subject. 

154. The first feeding standard.—Chemistry having paved the way, 
Grouven? in 1859 proposed the first feeding standard for farm animals, 
based on the crude protein, carbohydrates, and fat in feeding stuffs. 

1Landwirtschaft, New ed., 1880, p. 211. 

*Feeding Standard for Dom. Anim., Expt. Sta. Rec., IV; also Agricultur- 
chemie, Koln, 1889, p. 834. 

109 



110 FEEDS AND FEEDING 

This, however, was imperfect since it was based on the total instead 
of the digestible nutrients. 

155. The Wolff feeding standards.—In 1864 Dr. Emil von Wolff, the 
ereat German scientist, presented in the Mentzel & von Lengerke’s Agri- 

eultural Calendar*® for that year the first table of feeding standards 
based on the digestible nutrients contained in feeding stuffs. These 

standards set forth the amount of digestible crude protein, carbohydrates, 

and fat required daily by the different classes of farm animals. 

The value and importance of the Wolff standards were at once recog- 
nized; and with their promulgation and adoption came the first wide- 
spread effort toward the rational feeding of farm animals. The Wolff 
standards were first brought to the attention of the American people 
in 1874 by Atwater,‘ America’s worthy pioneer in the science of animal 

nutrition. Armsby’s Manual of Cattle Feeding, based on Wolff’s book® 

on the same subject, appeared in 1880. 
The Wolff feeding standards appeared annually in the Mentzel-Len- 

gerke Calendar down to 1896. From 1897 to 1906 they were presented 
by Dr. C. Lehmann of the Berlin Agricultural High School with some 
modifications. In 1907 Dr. O. Kellner, the talented director of the 

Mockern (Germany) Experiment Station, took charge of this portion 

of the Calendar and substituted tables and feeding standards based on 
starch values, as elsewhere briefly presented in this work. (170) 

The numerous feeding experiments which have been carried on since 

the Wolff-Lehmann standards were formulated have given us a more 

complete knowledge of the nutrient requirements of the various classes 
of farm animals than was possessed by these pioneers in the field of 

animal nutrition. Naturally such results show that the standards set 

forth by Wolff and Lehmann are in some respects inaccurate. Taking 

these facts into consideration later scientists have formulated other 
standards which are presented elsewhere in this chapter. The Wolff- 
Lehmann standards are briefly explained first on account of their his- 

torical and foundational importance. 

Il. THe Wourr-LEHMANN FEEDING STANDARDS 

156. The Wolff-Lehmann standards.—The nutrient requirements of 
the various classes of farm animals, as preseribed in the Wolff-Lehmann 

standards, are given in Appendix Table IV. From this table the fol- 

lowing examples have been selected for purposes of study : 

’Published annually by Paul Parey, Berlin, Germany. 

‘Rpt. Me. State Bd. Agr., 1874; Rpt. Conn. Bd. Agr., 1874-5. 

‘Wiitterungslehre, 1st ed., 1874. 
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Digestible nutrients required daily by farm animals per 1000 Lbs. 
live weight 

ie Digcstiblo nutrients. 

Dry Sean a brutritl 
Animal matter Crude Carbo- Tat ration 

protein | hydrates 

Lbs, Lbs. Lbs. Lbs. ae 

MEMUUCS are ns 6 Siam stats ealn a wae « 18 ONT 8.0 0.1 Wes 
Fattening cattle, Ist period....... 30 2.5 15.0 0.5 Ou (sats 
Cow, yielding 22 Ibs. milk........ 29 2.5 13.0 0.5 haar an oe es 
Horse, at medium work... . sirogotme vel Ie 5 LAA eo 0.6 NG (a2 

The table shows that according to Wolff’s teachings a 1000-Ib. ox at 
rest, neither gaining nor losing in weight, requires for 1 day’s main- 

tenance 18 lbs. of dry matter containing the following digestible nutri- 

ents: 0.7 lb. erude protein, 8.0 lbs. carbohydrates, and 0.1 lb. fat, with 
a nutritive ratio of 1:11.8. Tho the ox is resting, work is still being 
performed; the beating of the heart, mastication, digestion, standing, 
breathing—all the manifestations of life in fact—imply internal work 
and call for energy and for repair material. 

When the animal is growing, fattening, giving milk, or doing external 

work, a larger quantity of nutrients must be supplied than for main- 
tenance, as the table shows. For the cow yielding 22 Ibs. of milk daily, 

the standard ealls for the following quantities of the several digestible 
nutrients: Crude protein 2.5 lbs., carbohydrates 13.0 lbs., and fat 0.5 
Ib. These have a nutritive ratio of 1:5.7, which is much narrower than 

for the ox at rest. In his effort to attain the proper standard Wollff® 
reasoned that, since pasture grass is the natural food of the dairy cow, 

the nutritive ratio of such grass might most properly serve as the 
chosen standard. 

157. Notes on the Wolff-Lehmann standards.—Later investigations 
have shown that the Wolff-Lehmann standards are only approximately 

correct. Kiihn of the Moéckern Station’ found that the 1000-lb. ox can be 
maintained on 0.7 |b. of digestible crude protein and 6.6 lbs. of digestible 
carbohydrates. Kellner, who was Kiihn’s suecessor, has practically 

adopted the Kiihn standard as will be shown later. (171) It has been 
previously pointed out that Armsby succeeded in maintaining steers 
for 70-day periods on rations containing only 0.5 lb. of digestible true 
protein per 1000 lbs. live weight. (94) Whether this allowance would 
satisfactorily maintain animals in good health over still longer periods 
has not yet been definitely shown. 

Haecker of the Minnesota Station® found that the 1000-lb. dry, 
barren cow can be maintained on 0.6 lb. of crude protein, 6 Ibs. of 
carbohydrates, and 0.1 lb. of fat, all digestible. For the maintenance 

*Warm Foods, Eng. Ed., p. 224. *Minn. Bul. 79. 

7Landw. Vers. Stat., 44, p. 450. 
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of the 1000-lb. cow producing milk he would allow 0.7 lb. of crude 

protein, 7 lbs. of carbohydrates, and 0.1 lb. of fat, all digestible. In 
his standard, which is presented later (182), he holds that the Wolff- 

Lehmann allowance of crude protein for the cow in milk may be ad- 
vantageously cut 19 per ct. or more, unless feeds rich in that nutrient 
are available at relatively low cost. Woll of the Wisconsin Station? 

likewise found that the Wolff standard for dairy cows was higher in 
erude protein than necessary. 

The Wolff allowance of crude protein for fattening animals may be 
materially reduced without decreasing the rate of gain. It has also 
been found that less protein is needed by the work horse than these 
standards recommend. These various findings are taken into consider- 

ation in the ‘‘ Modified Wolff-Lehmann Standards’’ which are presented 
later in this chapter. 

Altho we now have more accurate guides to the nutrient requirements 
of certain classes of animals than furnished in the Wolff-Lehmann stand- 
ards, both students and stockmen should, first of all, familiarize them- 

selves with the Wolff standards on account of their historical interest 
and because they are still widely and helpfully used in computing 
rations. These standards, coupled with tables of the digestible nutrients 
in feeding stuffs, such as Appendix Table III of this work, have been 

profoundly useful in advancing the great art of feeding farm animals. 

Having familiarized himself with the Wolff-Lehmann standards, one is 
prepared for the study of other more accurate systems and standards 
now in the process of formation. 

III. CaucuLatine RATIONS FoR Farm ANIMALS 

158. General requirements of satisfactory rations——The various feeding 
standards make recommendations only in regard to the amounts of dry 
matter, of the various nutrients, and, in the case of the Kellner and 

Armsby standards, of the net energy which the ration should supply. 
However, the following highly important factors should also be taken 

into account in computing rations for farm animals. 
159. Suitability of feeds—The feeds selected for any animal should 

be such that they will not injure its health or the quality of the product 
yielded. Feeds which are suited to one class of farm animals may not 

be adapted to others. Again, a given feed may give satisfactory results 
when combined with certain other feeds, yet in other combinations it 
may prove unsatisfactory. A few examples of such conditions are fur- 
nished in the following: Cottonseed meal in moderate amount is an 

excellent feed for cattle, sheep, and horses, yet it is so frequently 

poisonous to pigs that feeding the meal, as at present prepared, to these 
animals cannot be advised. (249) While there is always danger from 

using feeds damaged by mold, such material may often be eaten with 

°Wis. Rpt. 1894. 
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impunity by cattle when it would poison horses or sheep. (897) Tim- 
othy hay, which is the standard roughage for the horse, is unsatisfactory 
for the dairy cow, and may cause serious trouble with sheep on account 
of its constipating effect. (312) 

Feeding cows a heavy allowance of ground soybeans produces unduly 
soft butter, while an excess of cocoanut meal makes the butter too hard. 

(256, 260) Peanuts and soybeans produce soft lard when forming too 
large a part of the ration of fattening pigs. (258) 

It is often highly beneficial to add wheat bran or linseed meal to the 
ration on account of their slightly laxative effect. (218, 254) On the 

other hand, when animals are already receiving such laxative feeds as 
silage, pasture grass, and legume hay, the use of bran or linseed meal 
may be unwise. 

160. Bulkiness of ration—We have already seen that at least with 
the horse and with young ruminants the ration must contain some rough- 

age to distend the digestive tract properly. (106) Furthermore, 
for the best results the proportion of concentrates and roughages in the 
ration should be regulated according to the kind and class of animal 

to be fed and the results sought. Cattle, sheep, and horses can be 
wintered satisfactorily on roughages alone, if of suitable quality. (80, 91) 
Even brood sows may be maintained chiefly on legume hay, when not 

suckling their young. In the rations for growing and fattening animals 
and those at work or in milk, a considerable part of the ration should 

consist of concentrates. The various feeding standards recognize these 
facts in the amount of dry matter which they prescribe in the rations 
for the different classes of animals. Obviously, when the requirement of 
digestible nutrients or of net energy is high compared with the total 

amount of dry matter advised, the proportion of concentrates in the 
ration must be large. On the other hand, for the mere maintenance of 

animals the standards call for a much smaller amount of digestible 
nutrients or of net energy compared with the amount of total dry 
matter. 

161. Mineral matter.—In the various feeding standards no statement 
is made as to the amount or kind of mineral matter required by the differ- 
ent classes of animals, the supposition being that a ration which provides 
the proper amount of protein and other nutrients will also furnish an 
adequate supply of mineral matter. We have already seen that in some 
eases, especially with the pig, the mineral supply may be deficient in 
amount or unbalanced in character in rations which meet the ordinary 
standards. (96-101, 119) In computing rations the special requirements 
of the various classes of animals, as set forth in the preceding chapters, 
should therefore be kept clearly in mind. 

162. Palatability—As has already been pointed out (56), the palata- 
bility of the ration is an important factor in stimulating digestion and in 
inducing the animal to consume heavy rations. The wise feeder will uti- 
lize feeds of low palatability chiefly for such animals as are being merely 
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maintained, and will feed growing and fattening animals, milch cows, 
and horses at hard work rations made up, for the most part at least, of 

well-liked feeds. Some concentrates, such as malt sprouts and dried dis- 
tillers’ grains, which may not be relished when fed alone, are entirely 

satisfactory if given in mixture with other better-liked feeds. Similarly, 
such roughages as straw and marsh hay, which are of low palatability, 
may be given in hmited amount even to animals fed for production, a 
practice widely followed by European farmers. While the maximum 
gains may be made on rations composed entirely of exceedingly palatable 
feeds, it should be remembered that one of the chief functions of our 

useful domestic animals is to consume and convert into useful products 
materials which would otherwise be wasted. (2) 

163. Variety of feeds\—Skilled feeders usually maintain that a ration 
composed of a variety of feeds will give better results than when a 
smaller number are employed, even tho the latter ration supplies the 
proper amount of protein, carbohydrates, and fat. From the discussions 
in the preceding chapters, in which it has been pointed out that the 
protein furnished by certain feeds is unbalanced in composition, it is 

evident that a larger variety of feeds may, by the law of chance, furnish 
a better balanced mixture of proteins than 1 or 2 feeds alone. (94, 118) 
With these facts in mind it would seem wise, in choosing supplements 
for a ration low in protein, to select those which will supply protein 
from different sources. For example, it is injudicious, if other supple- 
ments are equally available, to use corn by-products, such as corn gluten 

feed or gluten meal, in balancing the ration of pigs otherwise fed corn 
only. With dairy cows, especially in the case of high-producing animals 
being forced on official test, skilled feeders place emphasis on having 
variety in the ration, tho this does not imply changes in the ration from 

day to day. Indeed, sudden changes in kinds of feed are to be avoided. 

At least with horses and fattening animals, the advantage of a large 
variety of feeds in the ration does not seem to have been proven, pro- 
vided the simple ration furnishes the proper amount and kind of nutri- 

ents. For example, oats and timothy hay for the horse, and corn and 

skim milk for the fattening pig, furnish rations which can scarcely be 
improved from the standpoint of production and health, tho other com- 
binations may perhaps be cheaper. 

164. Cost of the ration—The most important factor of all, for the 
farmer who must depend on the profits from his stock for his income, 
is the cost of the ration. In securing a ration which provides the nutri- 
ents called for by the standards and meets the other conditions previously 
discussed, lies a great opportunity for exercising foresight and business 

judgment on every farm where animals are fed. The wise farmer- 
feeder will consider the nutrient requirements of his animals in planning 
his crop rotations. Thru the use of grain from corn or the sorghums, 
legume hay, and such cheap succulence as silage from corn or the sor- 

ghums, it is possible in most sections of the country to go far toward 
solving the problem of providing a well-balanced, economical ration. 
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165. Feeding standards only approximate guides.—In a previous chap- 
ter it has been shown that the composition of a given feeding-stuff is not 
fixed, but may be materially influenced by such factors as climate, stage 
of maturity when harvested, ete. (81) Individual animals also differ 

from one another in their ability to digest and utilize their feed. (85-6) 
It should, therefore, be borne in mind that tables of digestible nutrients 

and likewise feeding standards are but averages and approximations— 
something far different from the multiplication table or a table of loga- 
rithms. They should be regarded as reasonable approximations to great 

vital facts and principles in the feeding of farm animals. 
The allowance of protein set forth in the standards is the minimum 

amount recommended by the scientists for the best results. Where pro- 
tein-rich feeds are lower in price than those carbonaceous in character, as 
alfalfa in the alfalfa districts of the West and cottonseed meal in the 
eotton-belt, it is often economical to furnish more protein than is called 
for by the standards. Except in the case of very young animals, it is, 
however, probably not advisable to feed rations having a nutritive ratio 
narrower than 1:4 or1:4.5. Where protein-rich feeds are high in price 
it may be economical to feed a wider ration than advised by the stand- 
ards, tho it is rarely wise to depart far from them. 

166. Limitations of balanced rations.—That other factors than the total 
amount of protein, carbohydrates, fat, and net energy are of importance 

in determining the value of rations, is shown in a striking manner by 
Hart, McCollum, Steenbock, and Humphrey*® at the Wisconsin Station 
in experiments which are still in progress. In these trials, which have 
so far covered 8 years, heifers were fed to maturity on rations from a 
single plant source, which furnished the full amount of nutrients and 
of net energy called for by the standards. One lot was fed wholly on 
products from the corn plant alone, including corn stover, corn grain, 

and gluten feed; a second, a ration from the wheat plant, including 
wheat straw, wheat grain, and wheat gluten; a third, a similar ration 

from the oat plant; and a fourth, a combination ration from all 3 plants. 
The effects of these restricted rations were not especially marked until 
the animals underwent the strain of reproduction. Then it became evi- 

dent that the wheat ration was strikingly deficient in some hidden way, 
the cows in this lot invariably bringing forth either dead or weak, under- 
sized offspring. On the other hand, the calves from the corn-fed mothers 
were always strong and healthy. Contrary to what many practical 
feeders would expect, the ration from the corn, wheat, and oat plants 
combined, altho supplying a much greater variety, proved inferior to 
the ration from the corn plant alone. Apparently the bad results from 

the wheat ration are due to an unbalanced protein supply (94-5, 118, 
150), to a deficiency of mineral matter (96-100, 119), and perhaps to 
other causes not yet ascertained. (104) It was found that when alfalfa 
hay replaced part of the wheat straw in the wheat ration normal calves 
were produced. 

Wis. Res. Bul. 17; Rpts., 1912, 1914. 
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It should not be coneluded from these trials that feeding stuffs from 
the wheat plant are dangerous feeds or that feeding standards are of 
little value. They merely emphasize the fact that, in forming rations, 

we must consider not only the physiological action of the imdividual 

feeds, but also the effeet of the combination as it is found in the ration. 

With this in view the practical feeder and the student alike will attach 

especial importance to the summaries presented in Part IIT of the re- 

sults actually secured with all classes of animals when fed many different 

rations. 

167. Hints on formulating rations.—In computing rations one should 

have in mind the approximate amount of roughage and concentrates re- 

quired per 1000 Ibs. live weight by the various classes of animals. As 

will be shown in the experiments reviewed in’ Part IL, the proportion 

of concentrates and roughages depends first of all on how much it is 

desired to force the animal; for example, when it is desired to fatten 

animals rapidly the allowance of coneentrates must be considerably 

larger than when they are fattened more slowly and thru a longer 

period. In a similar manner, the horse at hard work should be given 
more grain and less roughage than the horse working but little. In 

eeneral, the following summary will be helpful as a guide in computing 

rations : 

Mature idle horses and mature cattle and sheep being maintained at constant weight 
may be fed chiefly or entirely on roughage, unless it is of poor quality, when some grain 
must be used. 

Horses at work should be given 2 to 3 lbs. of feed (roughages and concentrates com- 
bined) daily per 100 Ibs. live weight, the allowance of concentrates ranging from 10 to 
18 Ibs., de spending on the severity of the work. 

Dair y cows in milk should be fed about 2 Ibs. of dry roughage or 1 Ib. of dry roughage 
and 8 Ibs. of silage daily per 100 Ibs. live weight, with sufficient concentrates in addi- 
tion to bring the nutrients up to the standard. 

Fatlening steers should receive 2.3 lbs. or more of concentrates and dry roughage 
(or the equivalent in silage) daily per 100 Ibs. live weight, the allowance of concentrates 
ranging from less than 1 Ib. to 1.7 Ibs. or more, depending on the rate of gain desired 
and the character of the padanaael 

Fattening lambs will consume § about 1.4 lbs. of dry roughage daily when fed all the 
grain they will eat, and up to 2.3 Ibs. or over when the grain allowance is restricted. 
Silage may replace a corresponding amount of dry matter im dry roughage. 

Pigs can make but limited use of dry roughage, except in the ease of brood sows not 
suckling young. 

168. Maintenance ration for steers.—Having discussed the general 

factors which should be considered in computing rations for farm ani- 

mals, let us now ealeulate the feed required, according to the Wolff- 
Lehmann standard, to maintain a 1000-Ib. ox at rest in his stall when 

neither gaining nor losing in weight. Sinee it has been shown that 

mature animals ean be maintained largely on roughages(91), let us see 

how nearly field-cured corn stover and oat straw will meet the require- 

ments. Sinee the standard ealls for 18 lbs. of dry matter we will first 

try quantities of these feeds which supply slightly less than this amount. 
[f for the trial ration it is decided to feed 10 Ibs. of corn stover and 10 
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Ibs. of oat straw for roughage, then, using the values for digestible nu- 
trients given in Appendix Table III, the caleulations for dry matter and 

digestible nutrients would be as given below: 

Corn stover, field-cured 
In 100 In 10 
pounds pounda 

Hy 1a 0 A SO or onic Dunc CROR REC eC RCA RE RENEE RC ICC 59.0 +100 % 105 .90 
PEMUICLERDLOLOLU rt hina rer amamitata cds olivate s ai¥ldols aiccavd 1.4+100% 100.14 
(abi gebago petite bit: Arlt \imemen yyan-nicety cy heh) C PLGA UDI ALOUD CERO epee 31.1+100 K 103 .11 
IEPs es coe 4. ot SAT SAATIRTS TIL ICTRUI TE ON YOO Saute trarat ace. sigrinctntia 0.6100 % 10-20 .06 

Oat, straw 

ID WBICOUOL Nate hay: sue Monn TER Sumivelvtie do meGde snd vn Lai 88 .5 +100 * 10==8 .85 
COME NDLOLSLU ite nri tac cn ality ws Cu sigdielsdeterbbauere we» 1.0+100 %10=0 10 
EORUMOUVELVHLOR telr ich a Nir ee Maldeles oitale youn dn es pe 42 .6 +100 K10==4 .26 
LU Biss ar POLED TEC PS CO. CEEIRLCLAIPRCULE CEE Iu MEER CRD CACACH CT RE SRNR PEE 0.9100 X 100.09 

Arranging these results in tabular form, we have: 

Lirst trial ration for maintaining 1000-lb. ox at rest 

Digestible nutrients 

aad Dr; Nutritive 
Feeding stuffs Sadia Crude Carbo- Tat raion 

protein hydrates cd 

Wii Pee MEbeaieatiba iis pee waee 
Comistover, LOWbsi ey cae 5.90 0.14 3.11 OL 0G: a litesraeny 
CTAB DLENY LO ADB oe) acitiesteaniens a) np ans % .85 0.10 4.26 OROG Tt aet neni ve 

PAGRUDIAPEUGION tsa dices «ss bce le 14.75 0) 24 7 B87 0.15 13272 
Wolff-Lehmann standard......... 18.00 0.70 8.00 ().10 ital fe? 

Excess or deficit. Name Ne iit ss Ae OT eO nl OLOR. (OORT cong : 

This trial ration contains only about one-third the digestible crude 
protein called for and also falls below the standard in dry matter and 
carbohydrates. ‘To improve it let us substitute 5 Ibs. of clover hay, 
which is high in protein, for the same weight of corn stover, and add 0.5 
lb. of protein-rich linseed meal. We then have: 

Second trial ration for maintaining 1000-1b. on at rest 

Digestible nutrients 

wp dD —| Nutriti 
Feeding stuffs Be Crude Curbo- Fat eae 

protein hydrates AY 

Oy aa ae a ee ee ee ee Shia |. 
Claver hav b lbs?) 2a so! 4.86 0.3 1.96 0.09 
Corn stover, Fb: 1Ds%is .o ois Lilie h:- 2.95 0) .07 1.56 OOS ie eat 
IAT BLLANY PLO MBIA terarleleuy cass sip» sek 8.85 0.10 4 26 OOD ah rasa 1% 2 
Linseed meal, 0.51b............. 0.45 0.15 0.16 (0); (\}2) aie Ia Re ees 

Second trial ration............... 16.61 0.70 7.94 () 24 een 
Wolff-Lehmann standard......... 18.00 0.70 8.00 0.10 A Boalt poy 

Excess OREN aati. eta. }—1.39 0.0 —0.06 |+0.14 
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This ration closely approaches the standard. It falls below by more 
than 1 lb. of dry matter, but this deficiency is unimportant. Dry matter 
is only an indication of the bulk or volume of the ration, and may vary 

greatly with different feeds and animals without affecting results. The 
excess of fat will more than make up the trifling deficit of carbohy- 
drates, for fat has 2.25 times the heat value of carbohydrates. The 

nutritive ratio of this ration is 1:12.1, which is very close to that 
called for by the standard. From this we learn that 5 lbs. of clover hay, 

5 lbs. of field-cured corn stover, 10 lbs. of oat straw, and 0.5 lb. of lin- 
seed meal should furnish sufficient nutrients to maintain a 1000-lb. ox for 
24 hours at rest when neither gaining nor losing in weight. 

It is practically impossible, as well as useless, to attempt to formulate 
rations that will exactly agree with the standard in all nutrients. The 
Wolff-Lehmann standards were devised to cover the common systems of 
feeding in Europe, where some straw or other low grade roughage is 

commonly included in rations for horses and ruminants. When only 
such high grade roughages as silage and legume hay are used, rations 
which supply enough digestible nutrients will fall below the standard 
requirement in dry matter. Provided the ration furnishes bulk suffi- 
cient to distend the digestive tract properly, no further attention need 
be paid to such a deficit of dry matter. American rations will usually 
furnish an excess of fat over the standard, in which case the carbohy- 
drates may fall somewhat below the standard as an offset, it being borne 
in mind that 1 Ib. of fat will replace 2.25 Ibs. of carbohydrates. (70) 

Several devices and expedients have been offered to shorten the work 
of calculating rations. Willard of the Kansas Station"? presents a sys- 
tem based on alligation, while Spillman of the Washington Station’? and 
Jeffers!® have invented ingenious mechanical computers. It seems best 
in this work to show how to perform the calculations in the simplest and 
most direct manner. Thru such drill the student will become familiar 
with the quantity and proportion of the several nutrients in common 

feeding-stuffs and the amount of these required by farm animals ac- 
cording to the standards. The whole matter is less difficult and no more 
fatiguing than the simpler arithmetical operations of the secondary 
schools, while the benefits should richly compensate the agricultural 

student for the time and effort. 

IV. KeLuNER’s STARCH VALUES AND FEEDING STANDARDS 

We have already pointed out that the careful and laborious investi- 
gations conducted by Kellner and Zuntz by means of a modern respira- 
tion apparatus and by Armsby by means of a respiration calorimeter 
show that the total quantity of digestible nutrients in a feeding-stuff 
is not necessarily the true measure of its feeding value, as is assumed in 

“Kan. Bul. 115; Cyclopedia of Am. Agr., Bailey, Vol. ITI, p. 103. 

2 Wash. Bul. 48, “tT, W. Jeffers, Plainsboro, N. J. 
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the Wolff-Lehmann feeding standards. These investigators have found 
that, to determine the true net value of any given feeding-stuff to the 
animal, it is necessary to deduct the energy expended in the work of 
mastication, digestion, and assimilation from the total available energy 
furnished by the digestible nutrients in the feeding-stuff. (78-80) 

169. Kellner’s starch values.—As a result of his investigations Kellner 
formulated feeding standards based on what he ealled ‘‘starch values.’’!* 
He found that on the average 1 lb. of digestible starch fed to the ox in 
excess of maintenance requirements produced 0.248 Ib. of body fat. 
(129) Taking 1 lb. of digestible starch as his unit, he gives the follow- 
ing starch values for the digestible nutrients in feeding-stuffs, based on 
the amount of body fat these several pure nutrients will form if fed to 
the ox: ' 

Starch Value 
In 1 Ib. of digestible Lbs. 

LETROANENTAS Som iliac lee SUNGREED a dies E74 aS RE ECESENE in  BPOne Eg 0.94 
Nitrozen=ireelextrachrandufilbersne seen oon oe. She ake 1.00 
Hatanroughave ychafiwrootsvetcyaeis ils deeidee sete tae vel ee 1.61 
Fat in cereals, factory and mill by-products...................... PA MNP 
aim ol=bearine;seedsjang oillmeals ars )8 sae 8 2 sees. 2.41 

Kellner further found that the net nutritive value of certain concen- 
trates, such as grains and seeds, oil cake, roots, and slaughter-house by- 

products was about the same as that obtained when the several pure 
nutrients in them were fed separately. Tho the exact starch value of 

each such feed can be determined only by careful experimentation, the 
approximate value may be computed from amounts of each class of 
digestible nutrients the feed furnishes. For example, the approximate 
starch value of dent corn can be found as follows, using the content of 
digestible nutrients as given in Appendix Table III. 

Calculation of approximate starch value of dent corn 

Digestible 

See ReN UE EEO | jolie 
Lbs. Lbs. 

Direstiblesproteimmy : 5 eee se oe 1508 2s). 08 << O94 = cs 
Nitrogen-free extract and fiber............ O78 S< 100 — O70 
Dec. ores o) atptoce es ae Oreo ee et cr ne a ANGIE <p 2) oh 2 — ae OM 

ANON od aha oe eee toe Bien rotten: Weer niCieg 79.9 84 .60 

The approximate starch value of dent corn is thus about 84.6 lbs. It 
is not possible to. compute the starch values of feeds high in fiber with 
any degree of exactness. From the few typical feeds which he actually 
studied in respiration experiments, Kellner found that with such feeds 
it was necessary to make deductions from the starch values computed 
as before, ranging all the way from 5 to 30 per ct. with mill and factory 
by-products, and from 50 to 70 per ct. with straw, to get their true 
starch values. By making arbitrary deductions in this manner he com- 

“TLandw. Kal., 1909, I, pp. 103-119; Ernahr. Landw. Nutztiere, 1907. 
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puted the starch values for a long list of feeding-stuffs. Owing to the 
great amount of labor involved, he determined the starch values by 

actual experiment for only about a dozen feeds. The others must, 

therefore, be regarded as approximations, which are helpful until the 

true net values of such feeds have been found. Moreover, he ascer- 

tained the starch values of these feeds only when they were fed in a 
moderate ration to the mature ox during the first stages of fattening. 
Eckles of the Missouri Station’® has found these values too low when 
applied to the dairy cow, and Woods?* of Cambridge University, Eng- 
land, has shown that they are too high for the ox fed a heavy fattening 

ration. Concerning the starch values for other classes of animals we 
know little or nothing. With Kellner we must therefore conclude that, 

despite the vast amount of study given to the subject, there are still 
many gaps in our knowledge of the actual net value of the different 

feeding stuffs. 
170. Kellner’s feeding standards.—Kellner has formulated feeding 

standards for the various classes of animals in which the requirements 

are expressed in dry matter, digestible protein, and starch values. For 

example, his standard for the maintenance of the mature steer per 
1000 lbs. live weight calls for 15 to 21 lbs. dry matter, 0.6 to 0.8 Ib.. 
digestible protein, and 6.0 Ibs. starch values. 

The Kellner tables of starch values and his feeding standards are not 
here given in detail, but instead Armby’s tables of net energy values 
and of feeding standards, which are similar and which are chiefly used 
in this country by those desiring to compute rations according to the net 

energy system. 

V. THe ARMSBY FEEDING STANDARDS 

171. The Armsby energy values.—Armsby** of the Pennsylvania Sta- 

tion is studying the nutrient requirements of the ox with the first and 

only respiration calorimeter used in the study of farm animals in 
America. From his own work and that of Kellner he has constructed 
the following table, which shows the net energy of feeding stuffs ex- 

pressed in therms (75) in place of Kellner’s starch values, and has also 

formulated feeding standards based thereon. 
The last column of the table does not show the total energy in the 

digestible portion of 100 lbs. of the various feeding stuffs, but only the 
net energy, i.e., that portion which is finally available to the animal after 

deducting the losses occurring thru mastication, digestion, and assimila- 

tion. 

Mo. Res. Bul. 7. 

1% Jour. Agr. Sci., 5, 1914, p. 248. 

"1. S. Dept. Agr., Bur. Anim. Indus., Buls. 51, 74, 101; Farmer’s Bul. 346. 
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The Armsby table of dry matter, digestible protein, and net energy 
values in 100 lbs. of various feeding stuffs 

Feeding stuffs Total dry Digestible | Net energy 
matter protein value 

Green fodder and silage: Pounds Pounds Therms 
ENIREINID 6 b/atiso BIBER LET ERO RSIEEET Oe che Bib ELE ie ane EERE: Re gL 28.2 2.50 12.45 
GIOVErNGrIMSON yah9 | season cree hs clotoukemesc thet et 19.1 2.19 11.30 
oT Owernre deyccet err) «ccs cae the cit ee eee NS ceca c need ath ane 29.2 2.21 16.17 
Wommbiodder,jereen... yatta leis Gcicre niet a rovennl oe 20.7 Al 12.44 
Gres ay Cre M ta caesar cms, toe 25.6 12 16.56 
RUIN P ArlAMyerAgs sh sc Leen IRE Reet ie nite) oe eae 28.9 114883 14.76 

CROs a:4.6 ICIS BIRIOIERO IS EIHOI eisai 5 DOr GIA Reo tro CLOT Ee enPaeT erect 14.3 2.16 11.43 
RU VEMOC Cerys. ls cM Seen cette MUNG a Seiler alt ae stats tard no, seals 23.4 1.44 11.63 
SERINO UL Viney where eke are ee eae Pe ee ery och dleuh nya banatee 38.4 1.04 19.08 

Hay and dry coarse fodder: 
EAVES TER EARNS CS UL eli, [A ea eR Te 91.6 | 6.93 34.41 
GloversHavared eran tecn so Te ee ene ee ig etses ke dees 84.7 5.41 34.74 
SOR? | DEEIATEN ZS ie bid. 5 Ores oon b Seine acealdl Deion oR SEINE 88.7 7.68 38.65 
WOW DEAD A VE hte edie tees eras pte aI oR RI RACE oct eps 89.3 8.57 42.76 
Womntroragesteld-curedanty mea nah hie yee 57.8 bya} 30.53 
COrmMIaLOVeL Se wera ee kane Hi a Peyote ek ee AE 59.5 1.80 26.53 
ERUINE 2 UL AIAN TY a Varta Poth rote fete tit in eochac cosines tele eee eae babe 92.3 3.00 44.03 
ORE HEN 7o 2 6 aibte's 6 plo'c.ala. ada Bean Arete Dien Oice St Eel enn cae 84.0 2.59 36.97 
Tha sa Vey ORI] ER ABR els op el Eek. Tene One e Gieee REELED Ee eRe ene teteee 86.8 2.05 33.56 

Straws: 
CORT UREN To'e 9 Cur SOCAL ATER Dee Ee CEE ReneS Pee 90.8 1.09 PAL PA 
JUNIO GLE ia alia Gis CaHERG IGE Nero EXE ERCR EY EUG oe eae SER col aan terete 92.9 .63 20.87 
WINGEUISULSL Wyte cetstted seek p kh mee lopsen ieee atabercushe cena ees 90.4 37 16.56 

Roots and tubers: 
WAT OCS ey a rar te HORNS es hin ie aol a cos Pakeleid Bee Elegs 11.4 37 7.82 
WA EW CFME) ky 5 a RARE RE SEER ENCE ES a RD A i 9.1 14 4.62 
IEE OLS goameee Gd Ed DEO np O IIS De Conon Gere 21.1 45 18.05 
TRXEUEI OEE S A Oat hohe Sm er ae 2 oma AAs aN ee em al een 11.4 88 8.00 
“TN WOR aby OT Gronstat ee ool RRea a EN nl AL eR eT CR ae ae a 9.4 22 5.74 

Grains: 
TTR EN ie, hog Sic SI ERD Ido Sse OPI Bo Le EUR CER REA A ie ae 89.1 8.37 80.75 
(CHITA, 35. cODIG CCHIT SLO OTR RCO CIE: Sics cere REE EE TE te ee 89.1 6.79 88.84 
Corn-and-cobrmeal ie sim ye NaI Rte ae a 84.9 4.53 72.05 

OUST Re ae re ere CE ated icucrrsnera Masehichien sists 89.0 8.36 66.27 
LPREATY Lae Go ty Ciba eerie ROPER NORE AAC REM TE RE ee eraat 89.5 16.77 lea5} 

KOM Ee h ee erer eet ralai conten taints joreTo nalseaketoh anes tereseeateaaaness 88.4 8.12 81.72 
RAS CE, Cee OIRO DIC ORES eR Oe Eee CC ea 89.5 8.90 82.63 

By-products: 
IBrewersserains—dried a8 ie acy narate cosa ara cterat 92.0 19.04 60.01 
IBrewersierains—wet cn S een. eed Rane, Ree Reed Le ky 24.3 3.81 14.82 
Buckwihes temic Glings tae mater apa eere iate un ee 88.2 22.34 75.92 
WottonseedimealPer sa aegis. cots Rca ee nein od creel 91.8 35.15 84.20 
Distillers’ grains—dried— 

Brincipallyscormmes evs Aaa ee oe naa cicero 93.0 21.93 79.23 
IBTINCIPALlyary. Seay sees tse Chee isr en Anes 93.2 10.38 60.93 

(GQ) RET, tHE los elect a ers es 5 ie Be Eee COO Ee See a eee 91.9 19.95 79.32 
Glutenymesl——Biutial oe ee atsisse cl svccnsue sia eeuleutine 91.8 21.56 88.80 
Ghitenimeal——Chicacom ios) sheets OAS ea ee cu es 90.5 33.09 78.49 
inseedtmeal «Olds process nce nieces a chee is Schouten enhae cre 90.8 - 27.54 78.92 
einseedumes)l mewsApLrOcess i) evs code dae co cntelecce tenets 90.1 29.26 74.67 
WADE oROUESIS 6.dicieuod Ee GO ROOTS aS Dat Da Oro elanion merrin 89.8 12.36 46.33 
IRD Ley EE IIS 2: Ga ace he ee URE oO Oe ea ne 2k RD JPN pec 88.2 T1e35 56.65 
Sugarbeetipulptifresiny...s .15 s saitso a aecde ote ain Oita oe 10.1 63 ote 
Suparspeet pulp maried 14 ake waren ea scl cisioneveielaisee cletees 93.6 6.80 60.10 
VANCE LSD) 1s Og or EASIER em chp (oe aie eee Un one ee 88.1 10.21 48.23 
Wihestermiddlingsh sess cas Rie ee Ses Sk OAM 2 ohee Ase 84.0 12.79 77.65 

Of all the feeds listed, corn has the highest net energy value, 88.84 
therms per 100 Ibs. Due to the large amount of fiber contained in the 
hulls, the net energy value of oats is only 66.27 therms per 100 lbs. The 

dry roughages furnish much less net energy than the concentrates, wheat 
straw having a value of only 16.56 therms per 100 lbs. 

172. The Armsby standards for maintenance.—The following table by 
Armsby sets forth the maintenance requirements of horses, cattle, and 
sheep, no table having yet been formulated for swine: 



122 FEEDS AND FEEDING 

Armsby’s maintenance standards for horses, cattle, and sheep 

Horses Cattle Sheep 

Dh te enn ae ana dene rem ane ea ra or | beh ere ro ee TRE IPT 
weight Digestible Energy Digestible Energy Live Digestible | Energy 

protein value protein value weight protein value 

Lbs. Lbs. Therms Lbs. Therms Lbs. Lbs. Therms 

150 0.30 2 .00 0.15 170 20 0.023 0.30 
250 0.40 2.80 0.20 2.40 40 0.05 0.54 
500 0.60 4.40 0.30 3.80 60 0.07 Ona 
750 0.80 5.80 0.40 4.95 80 0.09 0.87 

1000 1.00 7.00 0.50 6.00 100 0.10 1.00 
1250 1.20 8.15 0.60 7.00 120 0.11 tes 
1500 1.30 9 .20 0.65 7.90 140 0.138 125 

The table shows that a young horse weighing 500 lbs., if neither 
gaining nor losing in weight, would require for its daily support 0.60 
lb. of digestible protein and 4.40 therms of net digestible matter, the 
latter including the 0.60 lb. of digestible protein. When this growing 
horse reaches 1000 lbs., there is required for its maintenance 1 Ib. of 
digestible protein and 7 therms of net digestible matter. Tho it has 
doubled in weight, the food requirement has not hkewise doubled. When 

the horse reaches the weight of 1500 lbs., there is required a further in- 
crease of only 0.3 lb. of protein and 2.20 therms of net energy. This is 
due to the fact, already pointed out (91), that the maintenance require- 

ment depends not on body weight but upon body surface. In recog- 

nizing this fact, Armsby has made an important advance over the Wolff- 
Lehmann standards. 

173. Standards for growing animals.—In the table which follows, 
Armsby sets forth the digestible protein and net energy requirements of 
growing cattle and sheep, no data as yet having been given for horses and 

swine. The figures include the maintenance requirements. 

The Armsby standards for growing cattle and sheep 

| Cattle Sheep 

a | Live Digestible Net energy Live Digestible | Net energy 
| weight protein value weight protein value 

SS SS 

Months Lbs. Lbs. Therms Lbs. Lbs. Therms 

3 275 1) 5.0 Om. ee area 
6 425 1.30 6.0 70 On30° 7 iL 53%0) 
9 | hot had oes | 90 | 0.25 1.40 

12 | 650 | 1.65 | 7.0 110 0.23 | 1.40 
ibs; | EN | ae | ues 130 1 (03238 1.50 
18 850 1OF awl eo 145 0.22 | 1.60 
24 1000 1.757 8.20 a il) se 
30 1100 1.65 8.0 | 

The table shows that a 3-months-old calf, weighing 275 lIbs., requires 

1.10 lbs. of digestible protein and 5 therms of net energy value, the latter 
including the 1.10 lbs. protein. When the calf has grown to 1100 Ibs., 
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or quadrupled in weight, it requires but 0.55 lb. more protein and 3 

more therms than before. This relative lessening in feed requirement is 
due to the fact that the larger animal requires relatively less for main- 
tenance, as explained elsewhere. (91) For the 1000-lb. steer Armsby al- 
lows 1.75 lbs. of digestible protein, and but 1.65 lbs., or 0.10 lb. less, for 
the same animal when weighing 1,100 lbs. This is because at the higher 
weight the steer has practically ceased muscular growth and therefore 

needs less protein than earlier in life. A comparison of the maintenance 
and growth requirements of animals, as here set forth, reveals the fact 
that a large portion of all the feed the animal consumes is used for the 
support of the body, and that the additional requirements for growth are 
not relatively large. 

174. Milch cows, fattening steers, and other animals.—Armsby supple- 
ments the foregoing partial standards with the following: 

1. For milk production, add to the maintenance standard 0.05 lb. of 
digestible protein and 0.3 therm for each pound of 4 per ct. milk to be 
produced. 

2. For 2- to 3-year-old fattening cattle, add 3.5 therms to the standard 

for growth for each pound of gain to be made. 
For the milech cow Armsby provides additional food, both protein and 

therms, as noted in the foregoing, because milk is rich in complex pro- 
tein compounds, and also contains carbohydrates and fat. Furthermore, 

the cow is usually growing a calf. Armsby holds that, after providing 
the protein set forth in the ration for growth, the steer will fatten sat- 
isfactorily without any additional protein, provided there are supplied 
sufficient carbohydrates and fat to meet the standard. It should be borne 
in mind that to prevent a depression of the digestibility of the ration on 

account of too large a proportion of carbohydrates, at least 1 lb. of 
digestible protein should be supplied in the ration for each 8 to 10 lbs. 
of carbohydrates and fat. (84) As a rough guide to the amount of dry 
matter to be fed, Armsby recommends that: 

1. A 1000-Ib. ruminant should receive 20 to 30 lIbs., or an average of 

25 lbs., dry matter per day. 

2. The horse should receive somewhat less dry matter than ruminants. 

For work horses he recommends Kellner’s standard which is based 
upon the extensive work of Zuntz. This standard, converted from starch 
values to therms, is given in a later chapter. (456) Armsby has formu- 
lated no standards for fattening sheep or lambs, for growing horses, or 
for pigs. 

175. Fattening lambs.—Bull and Emmett of the Illinois Station?® have 
made a critical and comprehensive study of the American investigations 
in fattening lambs, covering trials in which 265 lots of lambs, aggregat- 
ing 5,127 animals, were fed. From the results secured in these trials, 

they give the following as the approximate minimum requirements of 

digestible crude protein and net energy per 1000 lbs. live weight. 

STII. Bul. 166. 
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Bull-Emmett standards Hee fattening lambs 

Per 1000 Ibs. live we ashe 

Weight Dige atible c rude ‘Net energy 
protein value 

Lbs. Therms 

Lambs weighing 50-70 Ibs.................%. 3.1-3.3 17-19 
Lambs weighing 70-90 Ibs.................. 2 .5-2.8 18-20 
Lambs weighing 90-110 Ibs................. 2 2-2 .4 17-20 
Lambs weighing 110-150 Ibs............0... ~ 1.4-1.9 16-19 

It will be noted that the requirements for protein are expressed in terms 

of crude protein instead of true protein, as in the Armsby standards. 
Bull and Emmett state that the figures for lambs weighing 110 to 150 Ibs. 

are only approximations, owing to the small amount of data available for 

animals of these weights. It will be noted that as the lambs become more 

mature the amount of protein required per 1000 Ibs. live weight grows 

less. 

176. Ration for maintaining the steer.—To illustrate the method of 
using the Armsby standards and table of net energy values, let us com- 
pute a ration for maintaining a mature steer weighing 1000 Ibs., when 
neither gaining nor losing weight, assuming that there are available corn 

stover, oat straw, dent corn, and cottonseed meal. According to the 

standard, an animal of this weight requires 0.5 lb. digestible protein and 

6.0 therms of net energy. As corn stover and oat straw are much cheaper 

than the concentrates, let us first see how nearly a ration of these rough- 

ages alone will meet the requirements. Suppose that we select for a trial 

ration 10 Ibs. of oat straw and 15 Ibs. of corn stover. The calculations 
will then be as follows: 

Yalculations for trial ration for maintaining 1000-Lb. steer 
Corn stover Oat straw 

In 100 Ibs. In 15 lbs. In 100 lbs. In 10 lbs. 

Dry matter.......59.5 +100x15=8 .92 Dry matter... <2 3s 90.8 +100x10=9 .08 
Dig. protein....... 1.80+100x15=0 .27 Dig. protein. ..... 1.09 + 100x100 .11 
Net energy....... 26 .53 + 100x15=3 .98 Net energy....... 21.21 +100x10=2 .12 

Parst trial ration for maintaining 1000- Ub. steer 

Feeding stuffs Tote al Digestible Net energy 
dry matter protein value 

Lbs. Lbs. Therms 

Corn stover, 15 Ibs...... 8 .92 0.27, 3.98 
Oat str WW, 10 Wbss-cheGu ote: 9.08 Onda 2:12 

Rist anion Pasties 18 .00 0.38 6.10 
Standard requir ement. sib tt 0.50 6.00 

Tees or defic 1h Been al Rs Looe —0.12 +0.10 

This ration furnishes enough net energy but is deficient in digestible 

protein. Corn, which is high in net energy but low in protein, will not 
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improve the ration, while cottonseed meal, which is rich in protein, will 
supply the deficiency of this nutrient. Let us therefore substitute one- 
half pound of cottonseed meal for 1 lb. of corn stover. We then have: 

Second trial ration for maintaining 1000-lb. steer 

Total Digestible Net energy Feeding stuffs ? 
g dry matter protein value 

Lbs. Hy Therms 

Corn stover, 14 lbs...... 8.33 v4 edt 
Oat straw, 10 lbs........ 9.08 P 2.12 
Cottonseed meal, 0.5 lb. . 0.46 0.42 

Second trial ration....... 6.25 
Standard requirement... . 6.00 

Excess or deficit......... +0 .25 

This ration agrees closely with the standard in digestible protein and 
net energy value. Thus, according to the Armsby standard, a satisfactory 

ration for maintaining a 1000-lb. steer may be composed of 14 lbs. corn 

stover, 10 lbs. oat straw, and 0.5 lb. cottonseed meal. 

177. Discussion of the net energy systems.—The determination of the net 
energy values of feeding-stuffs is an important advancement in our knowl- 
edge of the values of different feeds for productive purposes. Owing to 
the immense amount of labor involved in each such determination, data of 
this kind can be secured but slowly. In 14 years Armsby has been able to 
study only 10 feeds, several determinations of course having been made 
upon each. The actual net energy value of only 22 feeding-stuffs has 

thus been determined by both Kellner and Armsby. While these values 

are helpful in estimating the probable net energy values of other feeds 

not yet tested, such computed results are but approximations. For ex- 
ample, in his table of energy values, Armsby gives a net energy value of 
33.56 therms for timothy hay containing 86.8 per ct. dry matter. This 

value was computed from Kellner’s data. After conducting several res- 
piration experiments in which the actual net value was determined, 
Armsby has now found that timothy hay containing the same amount of 
dry matter has a net energy value of 42.20 therms, or 25.7 per ct. more 

than his former figure. Even for the feeds on which experiments have 
been conducted, the values are far from exact. Not only do different 

samples of a given feeding-stuff vary in composition (81), but the trials 

show that the ability to utilize feed, even by animals of the same kind, 
age, and condition, may vary to a greater or less extent. Moreover, both 

Kellner and Armsby have practically worked only with the steer, and 

the extent to which the values thus secured apply to other classes of ani- 

mals is still a question. (169) Zuntz,1° who has conducted extensive 

studies on the utilization of different feeding-stuffs, states that with the 
horse and pig only a small portion of the starch in feeds ferments in the 

Inter. Inst. Agr., Monthly Bul., 5, 1914, No. 4, pp. 435, 446. 



126 FEEDS AND FEEDING 

digestive tract. On the other hand, in cattle upwards of 10 per ct. of the 

heat value of the digested food is lost in methane gas and about 7 per ct. 
is wasted, so far as productive purposes are concerned, in the heat pro- 

duced in the fermentations. (79-80) Accordingly, with horses and pigs 

starch will have a higher value compared with fat than in the case of 

ruminants. Zuntz concludes: ‘‘If we apply to pigs or horses the same 
starch values for a fat food, such as an oil seed, as was determined by 
Kellner, we commit a notable error. . . . We must no longer attribute to 

a certain food the same nutritive value under all circumstances, as has 
hitherto been done. We must rather find out in what combination the 
nutritive value of a food proves the most advantageous.’’ We must thus 
regard the present net energy values of feeding stuffs, not as exact 

measures of their value for all classes of animals, but as approximations 

which are most helpful in teaching great principles in the feeding of live 
stock. 

From the foregoing discussion the wise feeder will see the importance 
of studying carefully the results actually secured with different combina- 
tions of feed when fed to the various classes of animals, as presented in 
detail in the respective chapters of Part III. 

VI. THe SCANDINAVIAN FEED-UNIT SYSTEM 

A system of feed equivalents, based mainly on the extensive experi- 
ments with mileh cows and swine by Fjord and his successors at the 

Copenhagen Station, has been adopted in Denmark and other Scandina- 
vian countries, especially by the cow-testing associations, for measuring 

the relative production economy of cows. This system is extensively used 

with cows, occasionally with pigs, and rarely with other animals. It has 

great merit, especially in co-operative efforts to improve dairy cattle and 

their feeding—lines in which the Scandinavian farmers are leaders. 
178. The feed unit.—The feed unit of the Danish associations is 1 lb. of 

standard grain feed, such as corn and barley, or their equivalents in feed- 
ing value. In Sweden it is one kilo (2.2 Ibs.) of mixed concentrates or 

their equivalent. All feeding-stuffs are reduced to this standard in eal- 
culating the feed consumption of the animal. The amounts of various 
feeds required to equal 1 feed unit are shown in the following table. 

The table shows that corn, wheat, rye, barley, hominy feed, the dry 

matter in roots, ete., are all considered to have about the same value for 
the dairy cow, 1 lb. equaling 1 feed unit. On this basis it requires 1.1 
Ibs. of wheat bran or oats, or 1.5 to 3 Ibs. of alfalfa or clover hay to equal 
1 unit. Cottonseed meal, linseed meal, dried distillers’ grains, gluten 

feed, and soybeans are rated at a higher value than the same weight of 

corn or wheat, less than a pound of these concentrates being required for 

a feed unit, 
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Amount of different feeds required to equal one feed unit* 

Feed required to 
equal 1 unit 

| 
Feed sie: Sobers eee OS tS 

| Average Range 

For dairy cows aren Lbs. Lbs. 
Concentrates | 

Corn, wheat, rye, barley, hominy feed, dried brewers’ grains, wheat middlings, oat, 
shorts, peas, molasses beet pulp, dry matter in'roots! se eo ee ee TL, 3(0) gall lies Mieetee tt lalate 

Se ELOMBSCOCRINCAIE SS hg. porno Mer emnn Memee Nh ai pe Rl AL LRU oe a ce anes) aaa ORS HU les oe. ane 
Oil meal, dried distillers’ grains, gluten feed, soy beans....................... (0) 00 huh loi ep ere aa 
Wheat bran, oats, dried beet pulp, barley feed, malt pprouts DR Prnch Oo ORE & LPR Ten ses cess athe 
Alfalfa meal, alfalfamolasscsceds eet io. oc ee a ie ae Tes 2a ory varst di trenay, 

Hay and straw 
Alfalfaihay. GClLOCeD NAValt~-rid-te, souks hott: deta riche scan SE ae ee ee. Bese SRLS L 2.0 1.5-3.0 
Mixed hay, oat hay, oat and pea hay, barley and pea hay, red top hay we ee P) 5) 2.0-3.0 
Timothy hay, DIAN CVMAVMSOLENUTINN Aye i nels Le ae ee eda 3.0 2.5-3.5 
Corn stover, stalks or fodderwmarshi hay tCuustrawe waist epee ee yee 4.0 3.5-6.0 

Soiling crops, silage and other succulent feeds 
RED DILTEUNED 6 oid Stcher ore tent cmcho Gia Aes Bio LEE RIS ERR ET ca EN a ee cn 7.0 6.0-8.0 
Green corn, sorghum, clover, peas and oats, cannery refuse................... 8. 7.0-10.0 
ENE UE, ETT EV) 6 IS SGI OM OM ROR OR Cane CLERC REMTE ECT OR EER ait ECE PU ec a a 57 Oe is Paver re 
Commsllareypeajvine silage arias. aceettrehy-i4 iach) See eats segs || 160 5.0-7.0 
NMGLEDLGWersH LAIN ne ce eiyny pisos Donate tina wayne ott ame anaes che aie ie ete 
oraLocarakimie mile buetermillky says. eet. ceed weeds shee ey Okey ae a a ttle abt GuOr iis fi ine 
UPAR DCOLL Tee rea PrN raicra | ne bnbaata wine scent trac s cg aatlac ade sien ats dtarape tage sMeyes CON 5) | rae a eicue air 
(CHRROURS in ante CBee a BRT oe one eEn OD ae ae ROG tee ERR tees te eRe eH SiOWh | AR as eee 
TURE OTTERS Ghig ote, Gcu.G POG OOOO ORAICE OPS. ONCN, CREP OME Ene PINE EET "gr PRE Cee AE 9.0 8.0-10.0 
IRIGIGAD ECTS ETECMITADE Meee eis any ale Peete ee Ree ee Bore ree Gea AR gt EE TABATA OM eM hes Ne Riven 5 
Nuvarmpeeuileavesandstops whey wacky celts ocho Sr peenere bicacunthe hee mache eel OO ancl charters 
Tipe, TREATED MACE DEC ON a noloooWeoob moans pont demos oo cmucnupmecdudece | 12-5 | 10.0=-15.0 
The value of pasture is generally placed at 8 to 10 units per day, on the average, 

varying with kind and condition. 

For pigs | 
indianscormmbarleynwheat. ollicakesta.. oh shel int) titel rede e ode aa POF pa Rees keys 
HVC MUNCH OLDLON Mert et ep sree or Al a wie e wie ee Oe | PA pis heer che ee 
BOUECEDOLALOCSA ache oc niin rer h nara hchae ite eR Reais amnaces an cote AM Le rAEN PAA p lilies SLE Fe 
SUACETVIBTENT [Kye eee an ees ts Ain eps ge Mae ney mee trae Rte i dg Oe Sg a8 eh are | © G20 Net koeoe ee 
VAT yaeem tet ac ee Sr tienen staan Oe Aen eb eat, Mie E TLE SR a ute be Ra OS Sh SAAN aCe Ole ists alien hd 

For horses 
One lb. of Indian corn equals 1 lb. of oats or 1 lb. of dry matter in roots. 

*The values for pigs and horses are those given in the Danish valuation 
table and those for dairy cows the values as revised by Woll for American 
feeding stuffs, given in Wis. Cir. 37. 

The feed-unit values are not true expressions of net energy, for in this 

system feeds rich in protein are given a higher value than feeds low in 
protein which furnish the same amount of net energy. For example, in 
the feed-unit system, only 0.8 lb. of cottonseed meal or 0.9 lb. of linseed 

meal is required to equal 1 feed unit. Yet, according to Armsby and 
Kellner the net energy value of these feeds is lower than that of corn. 
Again, the energy value of timothy hay is about the same as that of 

clover or alfalfa hay, but in the feed-unit system timothy hay is rated 50 

per ct. below the legume hays. When added to rations deficient in pro- 
tein, feeds rich in protein will have a higher value than those supplying 
an equal amount of net energy but which are low in protein. But as 
has been pointed out (63, 93), when the protein supply in the ration is 
already adequate, any additional amount of this nutrient is broken down 
in the body, the nitrogenous portion being excreted in the urine, and only 
the remainder utilized for the formation of the fat and carbohydrates in 
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flesh or milk, for body fuel, or for the production of work. In all such 

cases protein will have a value corresponding only to the amount of net 

energy it furnishes. Over large sections of our country protein-rich 

feeds are cheaper than those high in carbohydrates. In the West with 

its abundant and cheap alfalfa hay, and in the South with its low-priced 
cottonseed meal, it is often necessary to add carbonaceous feeds rather 

than protein-rich concentrates to balance the usual rations. Thus the 
feed-unit system does not furnish a safe guide by which the farmer can 

determine the value of feeds under all conditions. The worth of a given 
feed to him will depend on the other feeding-stuffs with which it is to be 

combined. In some instances protein-rich feeds will be worth the most, 
and in others, those which are high in carbohydrates. The feed-unit 

system has been evolved in a comparatively small region, where similar 

crops are grown on the different farms and the price of purchased feeds 
does not vary widely thruout the entire district, hence this difficulty 

has not arisen there. No arbitrary values for feeding-stuffs, expressed 
in terms of money or other fixed units, can be devised which will hold 
good under widely differing conditions. 

179. Measuring economy of production in feed units——The chief value 
of the feed unit system for dairymen in any given region is that it fur- 
nishes a simple means of comparing the feed consumption and the milk 

and fat production of different cows, as is shown in the following: 
If during a month a cow has consumed 240 Ibs. of hay, 1000 lbs. of 

silage, 60 lbs. each of barley and ground corn, and 90 lbs. of linseed oil 
meal, the calculation based on the valuation table would be as follows: 

Feed consumed Lbs. for 1 u Feed units 

DAOMDS! DAV ec tect eee a pee een ena tee + 2.5 — 96 
1OOOWbSesil hc Ces sas ere uae ee aera ee + 8.0 — 125 
I20%lbs* cormand= barley... ae ne + th — 120 
90:lbsvoil’meéall see kee beet 2 eee + 0.9 = 100 

Total F6Gd Wit Stel wens cee ee, erases Ao eRe eerie ies ieee ge — 441 

It is shown that the cow consumed 441 feed units during the month. 
If in that time she yielded 850 lbs. of milk, containing 30.6 Ibs. of fat, 
each 100 feed units produced #35 — 193 Ibs. of milk, containing 3° — 
6.9 lbs. butter fat. If the fat brought 30 cents per lb., 100 feed units 
would return 6.9x$0.30—$2.07. 

180. The Swedish Test Associations—In what follows is shown some 
of the work of the Swedish Test Associations for the year 1906-7. The 
first table shows the feed units consumed per cow annually in the associa- 

tion having the poorest and the best returns, and the average of 96 

associations. The second table shows the production per cow and per 100 

feed units consumed. 
The first table shows that the association with the poorest record fed 

each cow on the average 4920 feed units during the year. The association 
with the highest record fed 5733 units per cow, while the average for 96 

associations was 5280 feed units. 
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Feed units consumed annually per cow in the Swedish Test Associations 

Concentrates Roughages 

Oil Bran and |Roots, beet}! Hay and |Soilage and otal 
cakes grains pulp straw pasture 

Association oy Units Units Units Units Units Units 

Showing poorest returns. . 900 581 900 1142 1397 4920 
Showing best returns..... 1056 878 1410 1078 1311 5733 

Average of 96 associations. . 856 708 1166 1256 1294 5280 

Average production per cow and per 100 feed units 

Production per cow Production per 100 units 

Milk | Butter fat| Butter Milk | Butter ace 

Association Lbs. Lbs. ie Lbs. Lbs. Dollars 

Showing poorest returns..| 6261 200.0 | 218.0 | 280.1 10.0 Doi 
Showing best returns.....| 8650 295 .2 327.1 332.1 12.5 3.17 

Average of 96 associations. .| 7429 239.9 | 265.8 | 309.5 11.0 2.85 

_ The second table shows that the average cow in the poorest association 
gave 6261 lbs. of milk, while in the best association she gave 8650 lbs. 
The herds in the poorest association yielded about 200 lbs. of butter fat 
per cow, and those in the best over 295 lbs. The well-fed herds returned 
66 cents more for each 100 feed units consumed than did the poorly-fed 
herds—a difference of over 22 per ct. in favor of the heavier feeding. 
These results show the manner in which Scandinavians have utilized the 
feed-unit system for comparing individual cows, herds, and associations 

to the great betterment of their dairy industry. The same comparisons 
can be made by means of the Armsby system of net-energy values. 
Except where the rations fed to different animals vary widely in pro- 
portion of concentrates to roughages, a fair comparison may also be made 

by using the total digestible nutrients in the ration, as given for each 
feed in Appendix Table III. 

181. The feed-unit standard for dairy cows.—Hansson*® has proposed 
the following as the requirements for dairy cows according to the feed- 
unit system. 

For maintenance, feed 0.65 lb. digestible protein and 6.6 feed units 
daily per 1000 lbs. live weight. 

For each pound of milk produced add to the maintenance requirement 
0.045 to 0.05 lb. digestible protein and 0.33 feed unit. 

The requirements of a cow producing any given amount of milk can 
be readily ascertained by computation. 

*Kontrolfo6ren, Arbetsfalt, 1910. 
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VII. AMERICAN STANDARDS FOR Darry Cows 

182. The Haecker standard.—As the result of long years of intimate 
study with a high-grade working dairy herd at the Minnesota Station,” 
Haecker has made an important advance in the formulation of rations 

for the dairy cow. He has shown that the nutrients required for her 
nourishment should vary not only with the quantity of milk yielded, as 

is taught in the Wolff-Lehmann, the Kellner, Armsby, and the feed-unit 
standards, but also with the quality of the product. The allowance of 

crude protein recommended is also considerably lower than that set forth 
in the Wolff-Lehmann standard. In his standard Haecker first sets down 
the total digestible nutrients daily required to maintain the 1000-lb. cow, 

independent of the milk she produces, as follows: Crude protein 0.7 Ib., 

carbohydrates 7.0 Ibs., and fat 0.1 Ib. 

For each 100 Ibs. live weight the cow may exceed or fall below the 

1000-lb. standard there is added or subtracted one-tenth of the standard 

ration. 
To this maintenance provision the further allowance set forth in the 

table is added. 

Haecker’s feeding standard for the dairy cow 

Daily allowance of digestible nutrients 

Crude arbo- 
protein ieee Hat 

Lbs. Lbs. Lbs. 

For support of the 1000-Ilb. cow.......:........ 0.700 7.00 0.100 
To the allowance for support add: | 

Foreach ib: 0f3.0 perch. mul... eee aie OOK 0.20 0.017 
Ror each Ibs of 345 per ct. milk 62 o ie i ee) OOD 0.22 0.019 
Hor each lb. of 4.0 per ct.,milk...2.324. 2 oe | 0.054 0.24 0.021 
For each Ib; of 4.5 perc. mule... teem on ean | 0.057 0.26 0.023 
Tor each Ib: of 5.0 per ct-amilk. a. 2 oe | 0.060 0.28 0.024 
Foreach Ib. 065.5 per ctyamillkesec 2s .:502 8 a et ODE 0.30 0.026 
For each Ib..of 6.0 per ct: milk... 2-21. t-te | 0067 0.32 0.028 
For each Ib.’of 6.5 perict. milk... a. 2 0.072 0.34 0.029 
For each Ib. of 7.0 per ct. milk5.-.:...........| (O1074 0.36 0.031 

The table shows that a cow yielding milk containing 3 per ct. of butter 
fat should be fed, in addition to the maintenance ration, 0.047 Ib. crude 

protein, 0.20 lb. carbohydrates, and 0.017 Ib. fat, all digestible, for each 

pound of milk she gives. If the milk is richer than 3 per ct. the provision 

must be greater. Haecker has formulated the requirements for each 

increase of 0.1 per ct. in the fat content of milk. At least for ordinary 

herd feeding it is not necessary to refine the calculation of rations to this 

extent. Hence only a condensed table is here presented. 

Minn. Buls. 71, 79, 140. 
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To illustrate the use of the table there is formulated below the nutrient 

allowance for a 1100-lb. cow producing 25 lbs. of 4 per et. milk daily: 

Digestible nutrients required daily by a 1100-lb. cow yielding 25 lbs. of 
4 per ct. milk 

Crud Carbo- 
manteia igdsates PEK 

i Lbs. Lbs. Lbs. 

HoTsmaintenance ua. temo ts sh tee olf eee 0.77 7.70 0.11 
HorZorlbs:of 4 percent milks). ii). 26... oes. eal 5 6.00 0.52 

Total sh fo irs Ple Bt BURR ES MUG cules ee tt RL Dele 13.70 0.63 

In the above there is first set down the maintenance allowance for 
the 1000-lb. cow, increased by one-tenth because this cow weighs 100 Ibs. 

more than the standard; this is 0.77 lb. crude protein, 7.7 lbs. carbo- 
hydrates, and 0.11 lb. fat, all digestible. The previous table shows the 
daily nutrient allowance for each pound of 4 per ect. milk to be 0.054 lb. 

erude protein, and 0.24 Ib. carbohydrates, and 0.021 fat, all digestible. 

Since this cow is yielding 25 lbs. of milk daily, the foregoing numbers 
multiphed by 25 are placed in the second line of the table. Thus it is 
shown that the production of 25 lbs. of 4 per ct. milk ealls for 1.35 Ibs. 
of crude protein, 6.00 lbs. of carbohydrates, and 0.52 lb. of fat. Adding 
these nutrients to those for maintenance, we have 2.12 lbs. of protein, 
13.7 lbs. of carbohydrates, and 0.63 lb. of fat as the quantity of digestible 
nutrients required daily to nourish a 1100-lb. cow properly when giving 

25 lbs. of 4 per et. milk daily. 
183. The Woll-Humphrey standard.—From studies at the Wisconsin . 

Station?? Woll and Humphrey have prepared convenient tables showing 

the feed requirements of cows of different weights and producing various 
amounts of butter fat per day. To simplify the computation of rations, 
in these tables the requirements are stated in terms of dry matter, digest- 
ible crude protein, and total digestible nutrients, the latter term including 

the digestible protein, the digestible carbohydrates, and the digestible 
fat < 2.25. This simplification is in harmony with the uses made of the 

different nutrients in the animal body, for as we have already learned 
(88, 124-9), carbohydrates and fat in general perform the same functions 
in the body. Likewise, after there has been supphed the minimum 
amount of protein needed for the repair of body tissues and the formation 
of milk protein, any additional amount serves the same purpose as do the 
carbohydrates and fat. (83, 128) The requirements of a 1000-lb. cow 

according to these tables are shown in the table on the next page. The 
allowance for maintenance is the same as that prescribed in the Haecker 

standard. For the 1000-lb. cow yielding 1.0 to 1.25 lbs. of butter fat 

2 Wis. Res. Bul. 13; Bul. 200. 
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per day the standard calls for a daily allowance of 23.6 lbs. dry matter, 

2.11 lbs. of digestible crude protein, and 15.8 lbs. of total digestible 

matter. 

Woll-Humphrey standard for 1000-lb. dairy cow 

Digestible | Total digest- 
Dry matter | crude protein | ible matter 

Lbs. Lbs. Lbs. 

Wain tenance: scabs areas took Creve juan = pick heeds Jol IPAS ORT 0R Ce!) 
Production of butter fat per day: | | 

Thessethans 0) POUnC tee eet eter ae een Fe 6)2 1.18 10.6 
Ovary OY (AG). olojbbcKOl 9, ae uivinoma oe oes sadox 18.7 1.49 12.3 
Ofo:to. C0 pound os i ety wile ee oo eeaecre 21.1 1.80 14.1 
TO) GO 52 DOO Sie ae ree eect a gia 23 .6 Dealt ayes: 
1A Dat Ores) OUTINGS erg ee eee eae eee nee 26 .0 2.48 17.6 
1S tOlls7 5 POUNGs 2 dit us eda ek ae ene 28.5 2.74 19.3 
Wer Aay or) ovoybhoYclsig mia mig Mtoe cies cease Al | veWlae, B05 PAlgal 

This system of expressing the requirements of dairy cows has been 

found convenient in practice. It is not strictly accurate, however, when 

apphed to milks varying widely in the percentage of fat contained. 

Haecker’s table places the requirements for a pound of butter fat in 
rich milk considerably lower than for a pound in milk low in fat. For 
example, for 100 lbs. of 3 per et. milk there are required 4.7 lbs. pro- 
tein, 19.9 lbs. carbohydrates, and 1.7 lbs. fat, while for 50 lbs. of 6 per ct. 

milk, containing the same amount of fat, only 3.3 lbs. protein, 16.1 lbs. 

carbohydrates, and 1.4 lbs. fat are required. This is due to the fact 
that, tho the 6 per ct. milk contains twice as much fat as the 3 per ct. 
milk, it is not twice as rich in sugar and protein. 

184. The Savage standard.—F rom trials at the New York (Cornell) 
Station?? Savage concludes that for maximum production the nutritive 
ratio of rations for dairy cows should not be wider than 1:6. He has 

accordingly modified the Haecker standard by increasing the protein 

requirement per pound of milk by from 18 to 20 per ct. His standard 
is also simplified by being stated in terms of dry matter, digestible crude 
protein, and total digestible nutrients (or as Savage terms it ‘‘total 
nutriment’’), in the same manner as in the Woll-Humphrey standard. 
The requirements according to this standard are shown in Article 186. 

185. The Eckles standard—l'rom experiments at the Missouri Sta- 
tion? and from the work of Savage and Armsby, Eckles has formulated a 

tentative standard according to the Armsby system, showing the require- 

ments of cows producing milk containing various percentages of fat. He 
points out that these are but approximations, for the following reasons: 

The digestion coefficients in use, which have been chiefly obtained with 

steers and sheep, are too high for feeds fed in heavy rations to dairy 
cows. This is, however, more than offset by the fact that the cow is 
able to utilize the nutrients she actually digests more efficiently in milk 
production than the steer or sheep does in formation of flesh. Hence 

2N. Y. (Cornell) Bul. 323. 74Mo. Res. Bul. 7. 
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the net energy values given by Armsby are too low when applied to milk 

production. 
186. Comparison of standards for dairy cows.—In the following table 

the Haecker, Savage, and Eckles standards are brought together for 

comparison. Haecker’s figures have been converted into total digestible 
nutrients as in the Savage standard. The Woll-Humphrey standard can 

not be included for it is not based on the fat content of the milk, as are 

the others. 

Feeding standards for dairy cows compared 

Haecker standard | Savage standard Eckles standard 

Diges’ble}| Total | Diges’ble| Total |Diges’ble} Net 
crude |digestible} crude |digestible| true energy 
protein |nutrients| protein | nutrients} protein 

Lbs. Lbs. Lbs. Lbs. Lbs. Therms 

For maintenance of 1000-lb. cow.. | 0.700 | 7.925 | 0.700 | 7.925 | 0.500 | 6.00 
To allowance for maintenance add: 

For each lb. of 2.5 per ct. milk... .| 0.045 | 0.254 | 0.053 | 0.257 | ..... eens 
For each lb. of 3.0 per ct. milk... .| 0.047 | 0.284 | 0.057 | 0.287 | 0.050 | 0.26 
For each lb. of 3.5 per ct. milk... .| 0.049 | 0.313 | 0.061 | 0.319 | 0.052 | 0.28 
For each lb. of 4.0 per ct. milk... .| 0.054 | 0.348 | 0.065 | 0.350 | 0.055 | 0.30 
For each lb. of 4.5 per ct. milk....} 0.057 | 0.872 | 0.069 | 0.379 | 0.058 | 0.33 
For each lb. of 5.0 per ct. milk... .| 0.060 | 0.398 | 0.073 | 0.405 | 0.062 | 0.36 
For each lb. of 5.5 per ct. milk....| 0.064 | 0.424 | 0.077 | 0.431 | 0.066 | 0.40 
For each lb. of 6.0 per ct. milk... .| 0.067 | 0.451 | 0.081 | 0.457 | 0.070 | 0.45 
For each lb. of 6.5 per ct. milk... .) 0.072 | 0.480 | 0.085 | 0.484 | 0.075 | 0.50 
For each lb. of 7.0 per ct. milk... .| 0.074 | 0.502 | 0.089 | 0.508 | ..... ue 

The Haecker and Savage standards agree in the requirements for 
maintenance. Savage’s digestible crude-protein requirement for pro- 
duction is higher in each ease, as already pointed out. In total digestible 
nutrients he agrees almost exactly with Haecker. As Eckles’ standard 
is expressed in digestible true protein (not crude protein) and therms, 
it can not be directly compared with the others. We may, however, 

compare this standard with the others in the following manner: In such 
a ration as 20 lbs. clover hay, 4 lbs. corn, and 4 lbs. wheat bran, we would 
find that about one-third of the total digestible crude protein is in amid 
form (11) and hence not included in Hekles’ figure for digestible true 
protein. With rations including green forage or silage, the proportion 
of true protein will be still lower. It is evident, then, that were Eckles’ 
figures for protein converted into crude protein they would be even 
higher than Savage’s when applied to ordinary rations. As about 1.1 to 
1.2 lbs. total digestible nutrients have a net-energy value of 1 therm in the 
ordinary rations used for milk production, it will be found on compu- 
tation that Eckles’ standard calls for about the same amount of total 
nutrients as the others for milk low in fat, but up to one-fifth more for 
milk high in fat. 
From the foregoing we may conclude that when protein-rich feeds are 

high in price compared with those low in protein, it will usually: be 
economical to feed no more protein than is called for by the Haecker 
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standard, at least to cows of average production. On the other hand, 

when protein-rich feeds are comparatively cheap the dairyman may well 
feed as heavy an allowance as Savage and Eckles recommend. Even these 
amounts are lower than called for in the original Wolff-Lehmann stand- 
ards. (156) The skilled dairyman will adapt the amount of concen- 

trates fed to the productive ability of each cow, not compounding a 

different ration for each animal, but will balance the ration for the 

average of the herd and then feed the cows as much roughage as they 
will consume and concentrates in proportion to the milk or butter fat 

produced by the several cows, as is explained in a later chapter. (661) 

VIII. Mopiriep Wourr-LEHMANN STANDARDS 

187. Methods of computing rations compared.—In this chapter it has 
been pointed out that the valuation of feeding stuffs for productive 
purposes, on the basis of their net energy content, is theoretically more 
accurate than the Wolff-Lehmann method of comparing them in terms. 

of the digestible nutrients they furnish. Unfortunately, the net-energy 
values have actually been determined for but a few feeds, and with 

these only for the fattening ox. For other feeds and other classes of 

animals, the values which may be computed are but approximations. 

On the other hand, during the last half-century scores of thousands 
of analyses of feeding stuffs have been made, as shown in Appendix 
Table I, and large numbers of digestion experiments have been con- 

ducted in which the coefficients of digestibility have been determined, 
as given in Appendix Table II. Thus the values for digestible nutrients 
in the various feeding-stuffs, given in Table III, rest on a reasonably 

secure basis, tho we must remember that different kinds of animals 

digest somewhat different percentages of feeds, especially of roughages 

(85) 
The value of a concentrate and of a roughage for productive purposes 

ean not be compared on the basis of the digestible nutrients each fur- 
nishes, for in the roughage, containing more fiber, a larger part of the 
energy in the digested nutrients is used up in the non-productive work 
of mastication, digestion, and assimilation. (78-80) In the ordinary 
rations for each class of animals, concentrates and roughages are, how- 

ever, usually fed in about the same proportions. This tends to lessen 

any error due to inaccuracy in computing rations according to the 
Wolff-Lehmann method. Furthermore, the prescription of a definite 
allowance of dry matter is a check upon the net-energy value of the 
ration. If a ration contains sufficient digestible nutrients to meet the 
Wolff-Lehmann standards, but carries an excess of dry matter, obviously 
too much roughage or concentrates too high in fiber have been used 
and the net-energy value will consequently be too low. On the other 

hand, if the content of digestible nutrients satisfies the standard, while 

the ration does not contain the dry matter called for, it indicates that 
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feeds more concentrated in character than necessary have been used, in 
which case some roughage or feeds higher in fiber may be substituted till 

the dry-matter content is brought up to the standard. With this simple 
check any large error in formulating the ration may be avoided. 

188. Necessity for modifying the Wolff-Lehmann standards.—It has 
already been shown in this chapter that in several instances the original 
Wolff-Lehmann standards do not set forth the actual requirements of 

farm animals as revealed by the many experiments which have been 
carried on since these standards were drawn up. We know, for example, 

that the allowance of digestible crude protein prescribed is higher than 
is needed by fattening animals, dairy cows, and work horses. Yet 

these standards are today more commonly employed in this country, 
except perhaps with the dairy cow, than any other system for formu- 

lating rations. Indeed, the authors have recently found feeders, annu- 

ally fattening hundreds and even thousands of animals, who were 

balancing rations according to the original Wolff-Lehmann standards 
by the addition of unnecessary amounts of high-priced protein-rich con- 

centrates. 
189. Modified Wolff-Lehmann standards.—With these facts in mind 

the authors have attempted to combine in one standard what appear in 

their judgment to be the best guides we have at present in the formu- 
lation of rations for various classes of animals. To facilitate the 
computations, the standards, which are given in detail in Appendix 
Table V, are expressed simply in terms of total dry matter, digestible 
erude protein, and total digestible nutrients. Realizing that feeding 

standards are but approximations, in most cases minimum and maxi- 
mum figures are given for dry matter, digestible crude protein, and 
total digestible nutrients. Since progressive feeders thruout the country 
now appreciate the significance of the nutritive ratio of a ration, the 
approximate upper and lower advisable limits of nutritive ratios for 
the different classes have been stated. To correspond with these stand- 
ards a column has been added to Appendix Table III, showing the total 
digestible nutrients furnished in 100 lbs. of each feed. Likewise, so 
that one may see at a glance which feeds are high and which are low in 
protein, compared with carbohydrates and fat, the nutritive ratio for each 
feed has been computed and is given in the table. With these aids it is 
hoped that the standards presented may be of real assistance to students 
and feeders who desire to compute rations substantially in accordance 
with the Wolff-Lehmann method, while recognizing the results of the 

later investigations in animal feeding. 
The recommendations gathered together in these standards are from 

many sources. The standards for the dairy cow are those formulated 
by Haecker and Savage. The data for growing, fattening steers have 
been kindly furnished by Haecker,?> and are based upon his extensive in- 
vestigations of the nutrient requirements of steers of various ages. (123) 

** Information to the authors. 
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The figures for fattening 2-yr.-old steers and for growing, fattening 

pigs are based chiefly upon studies made at the Wisconsin Station by 

the junior author’ of the feeding experiments carried on at American 

stations. Those for fattening lambs are computed from the Bull-Emmett 
standards, based on their study of American feeding trials, and that for 

work horses from the investigations of Zuntz and from American feeding 
trials. In revising the requirements for the other classes of animals 

there have been utilized the Kellner and Armsby standards, which have 

already been discussed, and the extensive standards of Pott?’ of Ger- 

many, which are formulated in substantially the same terms as the Wolff- 
Lehmann standards. 

190. Ration for fattening 2-yr.-old steers.—To illustrate the manner of 
computing rations in accordance with the Modified Wolff-Lehmann 
standards, let us formulate a ration for fattening 2-yr.-old feeder steers. 

The steers, averaging 900 lbs. when placed in the feed lot, are to be fed 
a heavy fattening ration for 150 days so that they will gain 2.4 lbs. per 

head daily, or more. The Modified Wolff-Lehmann standards for 2-yr.- 

old steers on full feed are as follows: 

Modified Wolff-Lehmann standards for 2-yr.-old steers on full feed 
(From Appendix Table V) 

Per 1,000 lbs. live weight 
= | Nutriti¥ 

Day Mioimum’ | ‘Total dig. | pia 
matter crude protein nutrients 

Lbs. Lbs. Lbs. 

First. 50 to 60 days............ 22-25 2.0-2.3 | 18.0-20.0 | 1:7.0-1:7.8 
Second 50 to 60 days...........} 21-24 192731) 1 20-19¥54) Ale 0 leges 
‘third: o0.t0 GO dayse.a. sees 18-22 1.8-2.1 | 16.0-18.5 1:7 .0-1:7.8 

It will be noted that the allowance of dry matter is the largest for the 

first 50 to 60 days of fattening. During this period the steers are being 
brought to a full feed of grain and are hence consuming a larger pro- 
portion of roughage to concentrates than in the later periods. The 

amount of total digestible nutrients required per 1,000 lbs. live weight 
also decreases as the steers fatten, but not so much as does the dry 

matter. The minimum amount of digestible crude protein advised for 
the first period is 2.0 to 2.3 Ibs. per 1,000 Ibs. live weight. The larger 

amount will probably tend to slightly more rapid fattening than the 
lower figure, but as is pointed out later, may be less economical than 

the lesser amount. (196) 
On comparing these standards, which are based on the results of 

American feeding trials, with the original Wolff-Lehmann standards, it 

2° The compilation and computation of data in the study of the pig feeding 
experiments was chiefly done by Messrs. M. L. Geraldson and J. G. Poynton, 
students in the Wis. College of Agriculture. Mr. G. Bohstedt, a graduate 
student in the same College, has assisted in the compilation of still other data 
upon which these standards are based. 

* Handb. Ernahr. u. Futter., I, 1907, pp. 374-376. 
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is seen that the minimum allowance of digestible crude protein advised 
is considerably lower than in the original standards. The dry matter 
is also materially lower, for fattening steers fed roughage of good qual- 
ity, as is commonly done in this country, will not consume as much dry 

matter as set forth in the original Wolff-Lehmann standards. 
In formulating rations for these steers, the most accurate way is to 

compute the rations on the basis of the average live weight of the steers 
during each period of fattening. If the steers weigh 900 lbs. when 
placed on feed and gain 2.4 lbs. per head daily, their average weight for 

the first 50 days will be 1,020 lbs.; for the second 50 days, 1,140 lbs.; 

and for the last 50 days, 1,260 lbs. Computing the standard require- 
ments for each period on this basis we have: 

Requirements for given steers at different periods of fattening 

[a eRD Dry Dig. crude Total dig. Nutritive 
dial matter protein nutrients ratio 

period 

‘| Lbs. i Lbs. Lbs. Lbs 

Hrs OOlaVS: =... - 1,020 22.4-25.5 | 2.04-2.35 | 18.4-20.4 | 1:7.0-1:7.8 
Second 50 days...... 1,140 23 .9-27 .4 | 2.17-2.62 | 19.4-22.2 | 1:7.0-1:7.8 
pEhirdesOldays.....- . 1,260 22 .7-27 .7 | 2.27-2.65 | 20.2-23.3 | 1:7.0-1:7.8 

Owing to the greater weight of the cattle in the last periods, tho they 
require less dry matter and total digestible nutrients per 1,000 lbs. live 
weight, the requirements per steer are slightly greater. Let us now 
formulate rations to meet these requirements. The steers are to be fed 
all the well-matured corn silage and good clover hay they will clean up, 
morning and night, and shelled corn is to be fed as the chief concentrate, 
with choice cottonseed meal if needed to balance the ration. As shown 
later (776), 2-yr.-old steers full fed on corn will eat 25 to 30 Ibs. of corn 

silage during the first period of fattening and gradually less as fattening 
progresses. Owing to the palatability of the silage they will usually eat 
only 3 to 6 lbs. of clover hay. For a trial ration during the first period 
we will therefore take 28 lbs. of corn silage, 4 lbs. of clover hay, and 
enough shelled corn to bring the amount of total digestible nutrients up 
to the standard. As shown in the following table, this will require 14 
lbs. of corn: 

Trial ration for fattening 2-yr.-old steers, first period 

: Dry Dig. eee Nutritive 
eed matey ree eae ratio 

Lbs. Lbs. Lbs. 
Corn silage) 2870 Ibste ae 7.36 0.308 4.96 
Wlaverhay; 4 ONlbss epee). ob ase... | 38.48 0.304 2.04 
Shelled corn, 14.0 lbs............... Yh ABER: 1.050 12.00 | 

Rath fo icrs ts: AH EG wie a | Ziel) lL SIEGEZN It 119.00 1:10.4 
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This ration furnishes sufficient total digestible nutrients and agrees 
with the standard in dry matter, but falls far short in protein. Let 
us, therefore, replace some of the corn with cottonseed meal. As we 
wish these steers to make maximum gains we will supply somewhat more 

protein than called for by the lowest figure in the standard. Substitut- 
ing 2.0 lbs. of choice cottonseed meal for the same weight of corn, we 
will have the ration shown in the first division of the following table. 
This agrees well with the standard and should produce rapid gains 
when fed to thrifty feeders. In the same manner we will formulate 

rations for the middle and the last periods of fattening, bearing in mind 
that steers on full feed will eat less roughage and more concentrates as 

they fatten. Since we wish these steers to reach a high finish we will 
increase the protein supply during the last period to the higher figure 

set forth in the standard, 2.65 lbs. per head daily. Arranging the data 
as before, we will have the rations shown in the table: 

Rations for fattening 2-yr.-old steers, for first, second, and third periods 

| Dig. ot: +4: 
Feeding stuff erat eae | ee Nuveitive 

| protein nutrients 

Lbs. Lbs. Lbs. 

First 50 days 
Corn silage, 28.0 Ibs: .......75...: | 7.36 0.308 4.96 | 
Cloverihay, 4:0'lbs... 55 oc sthe as 3.48 0.304 2.04 
Shelled corn, 12.0 Ibs:.....:...... 10.74 0.900 10 .28 
Cottonseed meal, 2.0 Ibs.......... 1.85 0.740 1756: 4) 

Ota ley csccentin eee oaeewe ee 23 .43 2.252 18 .84 1:7.4 
Second 50 days | 

Cormsilace, 24. 0 lbsw) he es ia 6.31 0 .264 4.25 
Cloverthay; 3: 0ilbs.%...4 a8) 2. 2.61 0.228 1.53 
Shelled corn, 15.0 lbs.............| 13.42 al25 12.86 
Cottonseed meal, 2.5 lbs.......... roll 0.925 1.96 

(0 1 Serpe age el en ROR RE Ms ing 24 .65 2.542 20 .60 rack 
Third 50 days | 

Cornsilage, 21 0dbsioe tues oe | 5 .52 0.231 3.72 
Clover hay, 3.0 [bse cise feed | 2.61 0.228 1.53 
Shelled corn, 16.0 lbs.......-.....) 14.82 1.200 BIE LAL 
Cottonseed meal, 2.75 Ibs......... | 2.54 1.018 215 

Migtal AccOts aeeas aetna | 24.99 2.677 alah 1:6.9 

These rations meet the standards in all particulars and should give 

good results in practice. (777) As is explained later (196), when protein- 
rich feeds are high in price compared with those carbonaceous in char- 
acter, it may be more economical to supply only as much protein as 
called for in the lower figures in the standard. If the steers were to be 
fattened more slowly, the rations could be computed in accordance with 
the standards for ‘‘growing, fattening steers,’’ based on Haecker’s ex- 
tensive studies. These would require less concentrates and in many 

instances result in much cheaper gains. (716, 768, 780) 



CHAPTER VIII 

ECONOMY IN FEEDING LIVE STOCK 

I. SeLEcTING EcoNnomicaL RATIONS 

To secure the largest returns from his farm animals the stockman 

must, first of all, thoroly understand the fundamental nutrient require- 

ments of the various classes of live stock which have been discussed in 
the preceding chapters. He must next study the possibilities of his farm 
for the production of crops, paying attention to both the probable yields 

and the value of the various crops for feeding to stock or for selling on 
the market. It is also necessary to consider the feeding value of the 
many feeds on the market and compare the prices at which they can be 

secured. With this knowledge he is in a position to plan his rotations 
so that from the crops raised, supplemented when it is economical by 
purchased feeds, well-balanced rations for his stock may be provided at 
minimum expense. As a rule it will be found wise to raise all needed 
roughage on the farm. Owing to the increasing demand for the cereal 
grains for human consumption, it is often economical to sell more or less 
of the farm-grown grains and replace them with purchased concentrates 
which economically supplement the feeds raised on the farm. 

191. Market prices not guides to value.—On studying the market prices 

of different feeds it will be evident that the market price is often no 
index to the value of a feed to the individual stockman. A few examples 
will illustrate this fact. In the northeastern states timothy hay is gen- 

erally higher in price than clover hay, tho it is much inferior to clover 
for all animals except the horse. In the South cottonseed hulls usually 
cost more than the sum for which an equivalent amount of corn silage, a 

much more palatable feed, can be produced on the farm. Owing to their 
popularity, some feeds, such as linseed meal and wheat bran, are often 
high in price compared with other concentrates which are entirely satis- 
factory substitutes. At the other extreme, low grade concentrates, such 

as trashy corn and oat feed, cottonseed feed, and inferior mixed feeds 

often sell for as much or but slightly less than high grade concentrates 
of far greater feeding value. 

192. How to select feeds for economical rations—Many attempts have 
been made to assign a definite money value to 1 lb. of digestible crude 
protein, digestible carbohydrates, and digestible fat, and then compute 
the value of different feeds on the basis of the amount of these nutrients 
they contain, the same as is commonly done in arriving at the money 
value of fertilizers. (482) While such a system of valuation may be of 
some limited value for a short period of time and when applied to a 

139 
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small district where the systems of farming do not vary widely, no such 

set of values has general application to the United States. As has been 
emphasized before (178), the value of any given feed to the stockman 

depends on the nature and composition of the other feeds he has at hand. 
If his chief roughage is alfalfa hay, protein-rich concentrates are often 

worth less to him than those rich in carbohydrates. On the other hand, 

if the cheapest roughage he can provide is corn or sorghum silage, low 

in protein, then concentrates rich in protein will be of higher value 
to him than those carbonaceous in character. 

In planning economical rations for any class of animals the stockman 
should first choose from suitable feeds a combination, containing the 
proper proportion of concentrates and roughages, which will supply the 
necessary total amount of nutrients at the minimum expense. If this 

ration is too low in protein, protein-rich feeds should be substituted for 
those lower in protein, until the protein supply is brought to the de- 
sired amount. On the other hand, if the ration which supplies the neces- 

sary total amount of nutrients is too rich in protein, then carbonaceous 
feeds should be substituted until the nutritive ratio is widened as much 
as is desired. 

In determining which feeds furnish total nutrients at the lowest price, 
the comparisons may be made on the basis of the cost per therm of net 

energy, per feed-unit, or per pound of total digestible nutrients. For 
the reasons pointed out in preceding articles (177-8), the authors be- 

lieve that the most convenient system for American farmers is on the 

basis of the cost per pound of total digestible nutrients. In comparing 
‘roughages with concentrates this system gives roughages somewhat too 
high a relative value, for 1 lb. of total digestible nutrients in a roughage 
is lower in net energy value than 1 Ib. of net energy in concentrates. 

However, in most cases, the desire will be, not to compare roughages 
with concentrates, but, instead, to determine which one of several con- 

centrates is the cheapest source of total nutrients, or which of the differ- 
ent available roughages is the most economical feed. To determine which 

feeds are the cheapest supplements to balance a ration low in protein,. 
it will be found convenient to compute the cost of the different feeds 

per pound of digestible crude protein. 
In comparing the relative cheapness of different feeds, it is reasonable 

to value marketable farm-grown grain or roughage at the market price 

less the cost of hauling to market. Feeds which are not usually market- 
able may be assigned a value based on the cost of production. To the 
price of any purchased feeds should be added any cost of hauling to the 

farm. Often, however, purchased concentrates may be brought back to 

the farm on a return trip from market with little or no additional 

expense. 
193. A comparison of corn-belt feeds for milk production.—To illustrate 

the manner in which the prices of the available feeds should be studied 

in computing rations, let us assume that a dairyman in the corn belt 

has available the following: Ground dent corn at $20, ground oats at 
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$25, ground barley at $26, timothy hay at $16, red clover hay at $12, 
and corn silage from well-matured corn at $3.50 per ton. He ean pur- 
chase hominy feed at $23, high-grade gluten feed at $30, wheat bran at 
$25, corn and oat feed at $25, choice cottonseed meal at $34, old-process 
linseed meal at $34, and alfalfa meal at $22 per ton. For convenience 

we will arrange in tabular form the data from Appendix Table III for 
these different feeds, and compute the cost per pound of digestible crude 
protein and the cost of 1 lb. of total digestible nutrients in each. 

Comparison of the economy of various feeds at the stated prices 

P Cost of 
Dry Tig. Total s 2 Cost 1 Ib. of 

Feeding stuf mae | vee, Soe | NRE | eee lime eta 
Ibs; in 100 | entsin | ratio ton crudem iad 

lbs. 100 lbs. protein} ents 

Lbs. Lbs. Lbs. 1: Dollars | Cents | Cents 
Concentrates 

WEntCOrMey lH c, So iM od SOF ON Ie On oon derl LORAy  2ONOON Se SS) ele 
lao ieee Googe tbo cood oS 89.9} 7.0 | 84.6 | 11.1 | 26.00] 18.57] 1.54 
Gluten feed, high grade........ 91.3 | 21.6 | 80.7 2.7 |30.00| 6.94] 1.86 
Wheat bran, all analyses...... 89.9 | 12.5.| 60.9 3.9 | 25.00] 10.00} 2.05 
ORGS Mert eet Mer udey a ora eneneei Shs 90.8 | 9.7 | 70.4 6.3 | 25.00} 12.89} 1.78 
Corn and oat feed. .......-... SSuGn don dono 9.4 | 25.00)17.12] 1.65 
iBanleyaoroundenr sis. 445 ee 90.7 | 9.0 | 79.4 7.8 | 26.00} 14.44] 1.64 
Cottonseed meal, choice....... 92'.5 | 37.0 | 78.2 1.1 | 34.00} 4.59] 2.17 
Linseed meal, old-process......| 90.9 | 80.2 | 77.9 1.6 | 34.00] 5.63] 2.18 
Distillers’ grains, dried, from 

CORDS Eton nrc erieioecey axe ne 93.4 | 22.4 | 88.9 3.0 | 31.00} 6.92] 1.74 

Roughages 
Timothy hay, all analyses..... 88.4] 3.0 | 48.5 | 15.2 | 16.00 | 26.67] 1.65: 
Allfalfiapmiesllls (are oat cite eta crays 91.2 | 10.2 | 50.7 4.0 | 22.00|10.78| 2.17 
Red clover hay, all analyses....| 87.1 7.6 | 50.9 5.7 112.00 | .7.89) 1.18 
Corn silage, recent analyses... .| 26.3 WET |) Me ee |e USS 2A) > 3 KO) 1} aS OAL IP) GS) 

This table does not assume to represent average conditions in any dis- 
trict of the country, but illustrates the manner in which any stockman 
may compare the relative economy of the different available feeds at local 

prices. The last column shows clearly that, for the feeds given and with 
prices as stated, corn is by far the cheapest source of total digestible 
nutrients among the concentrates. Of the roughages, corn silage sup- 

plies total digestible nutrients most cheaply, followed by clover hay. For 
balancing a ration deficient in protein, cottonseed meal will furnish di- 
gestible crude protein at 4.59 ets. per pound, linseed meal at 5.63 ects., 
dried distillers’ grains at 6.92 cts., gluten feed at 6.94 ets., red clover hay 
at 7.89 ets., and wheat bran at 10.00 cts. In supplying protein these feeds 
will of course also furnish carbohydrates and fat as well, which are in- 
cluded in the total digestible nutrients. 

194. A corn-belt ration for milk production—From the feeds listed 

let us now formulate the most economical ration which will be satis- 
factory for a 1200-lb. cow yielding daily 30 lbs. of 3.5 per ct. milk. For 
this cow there will be required, according to the Modified Wolff-Lehmann 
standard (Appendix Table V) a minimum daily allowance of 2.31: to 
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2.67 lbs. digestible crude protein and 18.99 lbs. total digestible nutrients. 
The ration should contain from 25 to 30 lbs. of dry matter, and should 
have a nutritive ratio no wider than 1: 6.1 to 1: 7.2. 

Altho corn silage is the cheapest roughage available, some dry rough- 
age should be fed with it to dairy cows. (629, 664) Of the dry rough- 

ages, clover hay is the cheapest. Let us then follow the general rule 
of feeding 1 lb. of dry roughage and 3 Ibs. of silage per 100 lbs. live 
weight. (167) To this allowance of roughage, we will add enough corn 
to bring the total digestible nutrients up to the amount advised in the 
standard, for corn is the concentrate which furnishes total digestible 
nutrients most cheaply. Tabulating the results we will have: 

First trial ration for 1200-lb. cow yrelding 30 lbs. of 3.5 per ct. milk 

Feeding stuff Sten RET || coticioai anc gael neces 
Lbs. Lbs. Lbs. Cents 

Clover hay, 12.0 Ibs........... 10.45 0.912 6.108 7.20 
Corn silage, 36.0 Ibs........... 9.47 0.396 6.372 6.30 
Corn, dent, 8.0 lbs............ 7.16 0.600 6 .856 8 .00 

SEU Gt iUa ni Aon etene rt Ooo ee 27.08 | 1.908 | 19.336 | 21.50 | 1:9.1 

This ration, which costs 21.5 cts., meets the standard in total digest- 

ible nutrients and dry matter but is decidedly deficient in protein. We 

could narrow the nutritive ratio by feeding less silage and more clover 

hay, but corn silage is the cheapest feed available. Therefore we should 
substitute protein-rich concentrates for a part of the dent corn. 

If 1.5 lbs. of cottonseed meal was substituted for the same weight of 

corn the ration would furnish about 2.3 lbs. of digestible crude protein, 
the minimum amount recommended in the standard. Ground corn and 
cottonseed meal are, however, both heavy feeds, weighing about 1.5 lbs. 

per quart. (Appendix Table VII) It is hence desirable to add some bulky 
concentrate which is also high in protein. Dried distillers’ grains are 
about as bulky as wheat bran and furnish protein much more cheaply. 
Alfalfa meal is not so economical as distillers’ grains, and gluten feed 
is a somewhat heavier feed. Let us then substitute 0.5 lb. of cottonseed 
meal and 2.0 lbs. of dried distillers’ grains for 2.5 Ibs. of corn, and again 

tabulate the results: 
’ 

Second trial ration for 1200-lb. cow yielding 30 lbs. of 3.5 per ct. milk 

Feeding stuff Rail ede ee Cost a: 

Teale, |Sacbeae ceetipet: || cents 
Clover hay, 12.0 lbs........... 10.45 0.912 6.108 7.20 
Corn silage, 36.0 Ibs........... 9.47 0.396 6.372 6 .30 
@ormmedent, 5:0 lbs: 22. anit ee 4.92 0.412 4.714 5.50 
Cottonseed meal, 0.5 1b........ 0.46 0.185 0.391 0.85 
Distillers’ grains, dried, 2.0 lbs. 1.87 0.448 1.778 3.10 

Motel Pets ce cece 2 DAP IUE 2.300 19.368 22 .95 Mc 7ate, 
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This ration, which costs 22.95 ets., supphes the minimum amount of 
protein recommended by the standard, and is slightly above it in total 
digestible nutrients. Tho costing 1.45 cts. more than the first ration, 
it will be more economical for it should produce much better results. 
The concentrate mixture weighs about 1.2 lbs. per quart, being somewhat 
heavier than advised by some dairymen. Such mixtures as this have, 

however, been satisfactory in practice. 
It is explained elsewhere that the lower amounts of digestible crude 

protein advised for the dairy cow in the Modified Wolff-Lehmann stand- 
ards are the amounts recommended by Haecker, while the higher fig- 
ures are those set forth by Savage. (182, 184, 186; Appendix Table V) 
As has been stated before (186), for cows of pronounced dairy temper- 
ament. it may be advisable to feed as much protein as called for by the 
higher figures, providing this does not greatly increase the cost of the 
ration. Let us then see how cheaply a ration can be provided which 
will supply 2.67 Ibs. of digestible crude protein, the higher figure advised 
by the standard. The protein can be added most cheaply by substi- 
tuting more cottonseed meal for corn, but instead of merely using more 
eottonsed meal, let us feed 1 lb. of wheat bran, which will lighten the 
concentrate mixture and which is much relished by the cow. At the 
prices given bran is an expensive source of protein, since it is not high 

in that nutrient. The price per pound of total digestible nutrients is, 
however, slightly lower than that of cottonseed meal. Arranging the 
results as before, we will have: ; 

Third trial ration for 1200-lb. cow producing 30 lbs. of 3.5 per ct. milk 

Medlin’ sts Piacente | restates) (e aeventntan [ar cost al natene ne 

Toe Lbs. igen lame | Cae 
Gloverhay, 12"Olbs*§ 205.622. 10 .45 0.912 6.108 7.20 
Gorn’ silage, 36 .Oulbs..3775 . S22 9.47 0.396 6.372 6 .30 
@ormvdent. 3. hlbs...-......%. S13 Or262 3.000 3.50 
Cottonseed meal, 1.5 lbs....... 1.39 0.555 WEN 2.55 
Distillers’ grains, dried, 2.0 lbs... Sa 0.448 1 2/hs} 3.10 
Wihestibranii di Olbe sn 2. 0.90 0.125 0.609 125 

Rotalpprer ric reas cock 27 21 2.698 19 .040 23 .90 1:6.1 

This ration, which has a nutritive ratio of 1:6.1, costs about 1 cent 
more than the preceding ration. The concentrate mixture will be pre- 
ferred by many dairymen, for it is more bulky, weighing 1.1 lbs. per 
quart. Whether this ration will produce enough more milk to pay for 

the increased cost will depend on how pronounced is the dairy temper- 
ament of the particular cow getting the ration. 

195. A cotton-belt ration for milk production.—Let us next use the 
method which has just been illustrated in determining the most eco- 
nomical ration for the same cow if owned by a southern dairyman who 

has the following feeds available: Ground corn at $30, oats at $35, 
corn silage at $3.50, cowpea hay at $15, and Johnson grass hay at $15 
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per ton. Cottonseed meal may be secured at $25, dried distillers’ grains 
at $29, dried beet pulp at $29, wheat bran at $32, and cottonseed hulls 
at $7.50 per ton. Arranging the data for these feeds as before, we will 

have the following: 

Comparison of the economy of various feeds at the stated prices 

; Total Cost of 
Dry | Dig. | dig. Cost | 1 Ib. of 

Beading aiurt matter | crude nutri- | Nutri- | Price |perlb.of| total 
in 100 | Protein | ents tive per dig. dig. 

lbs. in 100 | jn 100 ratio ton crude nutri- 
lbs Ibs. protein | ents 

. Lbs. Lbs. Lbs. 1: Dollars | Cents | Cents 
Concentrates 

Denticornias ase ee ee 89.5 7.5 | 85.7 | 10.4 | 30.00} 20.00} 1.75 
Wheat bran, all analyses...... 89.9 | 12.5 | 60.9 | 3.9 | 32.00) 12.80} 2.63 
Oatsia si euracct On eo one 90.8 | 9.7 | 70.4 6.3 | 35.00] 18.04; 2.49 
Cottonseed meal, choice....... 92.5 | 37.0 | 78.2 1.1 | 25.00} 3.38; 1.60 
Dried beet pulp.............. 91.8] 4.6 | 71.6 | 14.6 | 29.00} 31.52} 2.03 
Distillers’ grains, dried, from 

COIN ce ce an 4.| 22.4 | 88.9 3.0 | 29.50} 6.59) 1.66 

Roughages 
Cottonseed hulls..............| 90.3 0.3 | 37.0 |122.3 7 .50/125 .00| 1.01 
Johnson grass hay............ 89.9 2.9 | 50.1 | 16:3 | 15.00} 25.86] 1.50 
Cowpea hay, all analyses...... 90.23) 1321 |249..0) | 250 etd. 001 devsiil 53 
Corn silage, recent analyses....| 26.3 iit paler 1s) al 3.50} 15 .91| 0.99 

With feeds at these prices cottonseed meal is not only the cheapest 
source of protein, but also furnishes total digestible nutrients at the 
lowest price among the concentrates. However, it is not safe to feed 
too large an allowance of this concentrate. (249-50, 596-7) In economy 
with which they furnish total digestible nutrients, dried distillers’ grains 

and dent corn rank close to cottonseed meal. Among the roughages, corn 

silage is still the cheapest source of total digestible nutrients, followed 

by cottonseed hulls. Cowpea hay and Johnson grass hay furnish total 
digestible nutrients at about the same price. : 

Since it is economy to feed a large allowance of cottonseed meal, which 
is exceedingly rich in protein, the roughage allowance should be rela- 

tively low in protein. We might feed only corn silage and cottonseed 
hulls as roughage, but for the improvement of southern farms it is highly 
important that legumes be included in the crop rotation. Tho cowpea hay 

is more expensive than cottonseed hulls, when the benefit to the soil from 

growing the crop is considered the wise dairyman will decide to raise cow- 

peas or some other legume and feed the resulting hay. Let us then first 

compute a ration with a heavy allowance of silage, 42 lbs., with 8 lbs. 

of cowpea hay and 3 Ibs. of cottonseed hulls, and to this add sufficient 

choice cottonseed meal to bring the total digestible nutrients up to the 

standard. On computing we will find that about 8 lbs. is required, as 

is shown in the table: 
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First trial ration for 1200-lb. cow yielding 30 lbs. of 3.5 per ct. milk 

i i D Dig. d Total dig. Titi 
Beeding}stat ciation | wpreteru /Mtacerancee | TCS An| Saag 

‘ Lbs. Lbs. Lbs. Cents 
Corn silage, 42.0 lbs........... TAOS 0.462 7.434 (G35 
Cowpea hay, 8.0 lbs........... 7.22 1.048 3.920 6 .00 
Cottonseed hulls, 3.0 Ibs....... 2.71 0.009 1.110 iL 1) 
Cottonseed meal, 8.0 Ibs....... 7.40 2 .960 6 .256 10.00 

Total’: ..: Jone soing Ap ovlb] opi 28 .38 4.479 18 .720 24 .47 1:3).2 

This ration contains more cottonseed meal than is safe and has too 
narrow a nutritive ratio. To improve it we should substitute concen- 

trates which are lower in protein and also bulkier. Of the concentrates 
listed dried beet pulp best meets both these requirements. It is much 
more economical than oats or bran, and is bulkier than corn which sup- 

plies total digestible nutrients somewhat more cheaply. Let us there- 

fore substitute 2 lbs. of dried beet pulp for the same weight of cotton- 

seed meal and likewise replace 1.5 lbs. of cottonseed meal with the same 
weight of dried distillers’ grains, which are bulky, lower in protein than 
cottonseed meal, and nearly as cheap a source of total digestible nutri- 
ents. We will then have: 

Second trial ration for 1200-lb. cow yielding 30 lbs. of 3.5 per ct. milk 

eee eae Paes cciy EGRGCGI RA AIMLETER tS. @ WAC M GEG, 

Lbs. Lbs. Lbs. Cents 

Corn silage, 42.0 lbs........:.. 11.05 0.462 7.484 We3o 
Cowpea hay, 8.0 lbs........... 7.22 1.048 3.920 6 .00 
Cottonseed hulls, 3.0 lbs....... 2.71 0.009 1.110 1.12 
Cottonseed meal, 5.0 Ibs....... 4.62 1.850 3.910 6.25 
Dried beet pulp, 2.0 ibs........ 1.84 0.092 1.482 2.90 
Dried distillers’ grains, 1.5 lbs...) 1.40 0.336 1.334 2.21 

PROTA eet cL siee a weet 28 .84 3.797 19.140 25 .83 1:4.0 

This ration costs only 1.36 ets. more than the first, and does not con- 
tain more cottonseed meal than is safe when fed in mixture with bulky 
concentrates along with succulent feed like silage. It is evident that 
with feeds at the prices given in this illustration the question is not how 
little protein need be supplied, but how much may be safely fed. 

The 2 examples which have been given in the preceding pages—the 
most economical ration for the particular corn-belt dairyman, and the 
best ration for a given cotton-belt dairyman—show how widely the char- 
acter of the ration should be changed to make it the most economical 

under conditions in different parts of the country or with varying prices 
for the various feeding stuffs. The farmer who wishes to secure the 
largest returns from his stock should use a similar method to determine 
the relative economy of the available feeds for all his farm animals. 
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Il. ADAPTING SYSTEMS OF FEEDING TO LOCAL CONDITIONS 

196. Amount of protein to supply.—The illustrations given in the pre- 
ceding articles show clearly that rations should be adapted to the local 
conditions. Feeding standards set forth approximately the amount of 

protein and total nutrients, which it is believed should be furnished for 
the maximum production of flesh, milk, work, etc., and for maintaining 
the highest well-being of the animal. It will be noted that in the Modi- 
fied Wolff-Lehmann standards a range is indicated in the amount of di- 

gestible crude protein advised for most classes of animals. For example, 

for 2-yr.-old steers on full feed from 2.0 to 2.3 Ibs. of digestible crude 

protein per 1,000 lbs. live weight are recommended for the first 50-60 
days of fattening. When protein-rich feeds cost but little or no more 
than carbonaceous feeds, it is well to feed at least as much protein as 
indicated by the higher figures. On the other hand, when corn or the 

other grains are relatively cheap it may be better economy to feed no 
more protein than called for by the lower figures. Rarely is it advisable 

to feed a materially smaller allowance of protein than the lower figures, 

for the production will be thereby lowered. 

As is shown later (732, 844-5), corn and clover hay alone make a fairly 
well-balanced ration for fattening cattle and sheep. However, the gains 

are usually slightly increased and a higher finish secured when a small 

allowance of some suitable nitrogenous concentrate is added to the ration. 

Whether such addition will be profitable or not depends on the prices 
of the feeds and on whether the market will pay a better price for the 
more highly finished animal. (733, 858) 
When protein-rich feeds supply nutrients more cheaply than those 

carbonaceous in character, as in the cotton belt and the alfalfa districts 
of the West, it will be economy to feed much more than the minimum 
amounts of protein set forth in the standards. (612, 768) However, 

protein should not be supplied in such excess as to injure the health of 

the animals. 
197. Proportion of concentrates to roughages.—To meet the standards 

for fattening cattle and sheep and for milch cows, fairly liberal amounts 
of concentrates are required. When concentrates furnish total digest- 
ible nutrients nearly as cheaply as do roughages it is advisable to feed 

as large a proportion of concentrates as is called for by the standards. 
With feeds at the prices given in Article 193 dent corn furnishes nutri- 
ents at no greater cost than red clover hay. Under such conditions it 
may be most profitable to feed fattening steers and sheep as much corn as 
they will clean up. (716, 902, 906-7) On the other hand, in many of 
the alfalfa districts of the West, grain is usually high in price compared 
with alfalfa hay. Here it may be more profitable to restrict the grain 
allowance, even tho gains are slower. (768) 

With dairy cows much depends on the productive capacity of the 
animal. Except when concentrates are unusually high in price, the cow 
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of good dairy temperament will pay for at least a fair allowance of con- 
centrates. On the contrary, for a low or limited productive capacity 
the most economical ration may be silage and legume hay with no con- 
centrates. (658-9) 

198. Roughing growing animals thru the winter—The recommenda- 
tions of the standards for growing cattle and sheep are based upon 
continuous thrifty growth, and hence eall for a limited allowance of 

concentrates in addition to roughage. The breeder of pure-bred ani- 

mals who wishes to develop the best there is in his young stock will feed 

the concentrates needed to keep them growing rapidly. On the other 

hand, the western beef producer may find it most profitable to carry 
young stock thru the winter on roughage alone or with but a small allow- 
ance of concentrates. Thus fed, they will gain in frame, and tho losing 

in flesh, will be thrifty enough in the spring to make good gains on the 
cheap pasturage. (138-9, 797-9) 

199. Finish animals to meet demands of the market.—The wise stock- 
man will keep in close touch with the demands of the market and adjust 

his feeding operations accordingly. If the market pays a sufficient pre- 
mium for thoroly fattened animals he will finish his stock well before 

marketing them. On the other hand, on local markets which pay no 
more for a prime carcass than for one carrying less fat, it will pay not 

to prolong the fattening process or to feed as heavy an allowance of 
concentrates as is necessary to make the carcass ‘“‘ripe,’’ or thoroly fat. 
(121-2, 768, 800) 

200. Adapt type of farming to local conditions.—It is outside the field 
of this volume to discuss in detail the many factors which the stockman 
should take into consideration in deciding the type of live-stock hus- 

bandry in which to engage and the systems and methods to follow. The 

foregoing paragraphs serve to illustrate how the farm operations and 
practices should be suited to local conditions, taking into consideration 
price of land and labor, nearness to market, and available crops. For 
example, the beef producer on high-priced land in the eastern part of 
the corn belt will generally crowd his calves to rapid growth on a heavy 
allowance of grain and fatten them as baby beef. Or he will raise no 
eattle, but fatten feeder steers from the western ranges on a liberal 

allowance of corn. On the other hand, in the West where pasture is 
cheap compared with grain the stockman will usually follow a less in- 
tensive system, roughing his growing stock thru the winter and market- 
ing them from grass as 2- or 3-yr.-olds, having been fed little grain at 
any time. 

The market milk for our cities must come from the surrounding dis- 
tricts which are within easy shipping distance. Dairymen maintaining 
herds on high-priced land to meet this demand properly tend to use a 
minimum acreage as pasture, but instead rely largely on corn silage or 

soilage during the summer months. They often buy much of their con- 
eentrates, for grain can be produced on land farther from market and 
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shipped in at less expense than it may be possible to grow it on their 
farms. Such a system is not, however, economical for the dairyman 

remote from the large markets, whose milk is used in the manufacture 
of butter or cheese. Since with him land is relatively less expensive 

than labor, he must adopt a less intensive system of dairying, where the 
herd is maintained largely on pasture in the summer. 

The reader will come to realize as he goes on in this book that, while 
there are no hard and fast rules for successfully managing live stock, a 

clear understanding of the principles of the nutrition of animals is 
essential to the highest success. This must be supplemented by good 

judgment and by a thoro knowledge of the farm animals themselves, 

which can only be gained by actual experience. He will further find 
that expensive buildings for housing stock and complex devices for 
feeding and caring for them are not necessary ; that there are no ‘‘best”’ 
feeds for all conditions; that elaborate and laborious preparation of feed 

is often wasted; that patent stock foods guaranteed to work miracles 
enrich, not the farmer, but the manufacturer. 

On the other hand he will come to appreciate that a proper balancing 
of the rations for his stock not only benefits the animals, but also in- 
ereases his profits; that comfort for farm stock can be secured in 

inexpensive, easy ways, and that the operations of preparing and 

administering feed are really simple and direct, when once understood. 

He will further come to the deep and fundamental realization that 
animal husbandry under normal conditions is most successful when com- 

bined with general farming and the raising of farm crops, that it rests 

upon pasture lots which are fertilized so as to produce abundant forage 
and upon tilled fields which are so managed that the fertility is main- 

tained and bumper crops are grown, a large part of which is marketed 
thru the animals of the farm. 

Having discussed in the preceding chapters the fundamental principles 
governing the rational feeding and care of the various classes of farm 
animals, let us now consider in detail the value of the many different 

feeding stuffs for live stock, 



Part II 

FEEDING STUFFS 

CHAPTER IX 

LEADING CEREALS AND THEIR BY-PRODUCTS 

I. InpDIAN CorN AND ITS By-PRODUCTS 

The prime importance of Indian corn, or maize, Zea mays, as a grain 
erop in the United States is evident from the fact that in 1914, about 
103,435,000’ acres were grown, producing two and a half billion bushels 

of grain, worth $1,720,000,000. In acreage, in total production, and in 
value of grain, the corn crop of the United States exceeds that of wheat, 
oats, barley, rye, kafir, milo, emmer, buckwheat, and rice, combined. 
Indian corn can be successfully grown in every state of the Union, tho 
it flourishes best in the great middle region of our country lying between 
the Appalachians and the Rocky Mountain Plateau. In the South the 
tropical corn stems, 4 or 5 months from planting, carry great ears 
burdened with grain so high that a man can only touch them by reach- 
ing high above his head. At the other extreme, the Mandan Indian 
in the country of the Red River of the North developed a race of corn 
which reached only to the shoulders of the squaw, with tiny ears borne 

searcely a foot from the ground on pigmy stalks. Corn is a heat-loving 
plant, and will not thrive in regions having cool nights during the grow- 

ing season. 
Like the other leading cereals which grow en masse, the corn plant 

must grow with others of its kind, but it requires more space, air, and 
sunlight. Because it requires thoro tillage and makes most of its growth 
during late summer and early fall, Indian corn stands in a class by itself 
among the cereals. (23) This requirement of thoro tillage brings many 

advantages to the soil not forced upon us in growing the other cereals. 
The corn grain is pre-eminently a carbohydrate bearer, every 100 lbs. 

containing nearly 75 lbs. of starch, which is its chief carbohydrate. Add 
to this 5 lbs. of oil, and we can understand why Indian corn among the 
cereal grains may be likened to anthracite coal among the fuels. 

Corn is the great energizing, heat-giving, fat-furnishing food for the 
animals of the farm. No other cereal yields, on a given space and with 

a given expenditure of labor, so much animal food in both grain and for- 
age. On millions of farms successful animal husbandry rests upon this 
imperial grain and forage plant. (475, 575, 732-7, 844-7, 939-42) A pos- 

149 
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sible explanation of the great fondness of farm animals for corn lies in 
the considerable amount of oil it carries. Again, on mastication the ker- 

nels break into nutty particles which are more palatable, for example, 
than meal from the almost oil-free wheat grain, which on crushing and 

mingling with the saliva turns to a sticky dough in the mouth. (For a 

discussion of corn as a forage, see Arts. 290 to 307.) 
201. Corn lacks protein and mineral matter.—Being so rich in carbo- 

hydrates, corn is naturally low in crude protein. The crude protein of 

this grain is also somewhat unbalanced, for about 58 per ct. of it consists 

of the single protein, zein, which lacks some of the amino-acids neces- 

sary for animal growth. (118) Corn is also unusually low in mineral 

matter, especially calcium, so necessary for growing animals. Numerous 

experiments show that even with fattening animals, which require rela- 

tively little protein and mineral matter, it is profitable to supplement 

these deficiencies of the corn grain by other feeds high in the nutrients 
which corn lacks. (732, 845, 939) Fortunately, the legume hays are rich 
in protein and calcium, and therefore admirably supplement corn. By 

the use of these roughages, less protein-rich concentrates are needed to 
balance a heavy allowance of corn. Indeed, for some animals legume 
hay and corn alone form a satisfactory, well-balanced ration. (733, 844) 

202. Races of corn.—Three races of corn—dent, flint, and sweet—are of 

interest to the stockman. In dent corn the starch is partly hornlike and 
partly floury, rendering the kernel easy of mastication. In flint corn 

the starch is mostly hornlke and flinty, making the kernel more difficult 

for the animal to crush. Both chemical analysis and experience oppose 
the assertion, often heard, that yellow corn is more nutritious than white, 

or the opposite. In fact, the coloring matter of yellow corn is so minute 
in quantity as to be unweighable. While a certain strain or variety of 
one may be superior to any particular strain or variety of the other in 

a given locality, there is no uniform difference between white and yellow 

corn in productiveness or feeding properties. 
In sweet corn the starch is hornlike and tough. Before hardening, 

the milky kernels of this race carry much glucose, which is changed to 

starch as they mature into the shrunken grain. The sweetness of the 

immature grains of sweet corn, due to the glucose they then carry, adds 

to the palatability but not necessarily to their nutritive value, since glu- 

cose and starch have the same feeding value. (48) Sweet corn has some- 
what more crude protein and fat and less carbohydrates than the other 

races. 
Earliness of maturity tends to dwarf the corn plant. Hence, the 

higher the latitude or the altitude at which a variety was originated the 
larger will be the proportion of ears to stalk and leaves, tho the total 

yield of ears will usually be decreased. 
203. Corn cobs.—Well-dried dent ear corn of good breeding carries 

about 56 lbs. of shelled corn to 14 lbs. of cob. The proportion of cob 
to grain varies according to race, variety, and dryness, ranging from 
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below 20 to about 40 per et., flint varieties having a larger proportion of 
cob to grain than does dent corn. The cobs carry about 380 per et. of 
fiber, which at best is of low feeding value, and much of their nitrogen- 
free extract is in the form of pentosans. (9) Since the cobs have some 
nutritive value, under certain conditions it is profitable to grind the 
whole ear into corn-and-cob meal. (208) Manifestly it is not economical 

to purchase ground corn cobs in adulterated commercial feeds at a price 
that would buy good concentrates. (285) 

204. Shrinkage of ear corn.—While the amount of water in old corn 
varies but little from 12 per et., the Iowa Station’ found as high as 36 
per ct. in freshly husked ear corn. Rarely will corn carrying 20 per et. 
or more of water keep if stored in any considerable quantity. Studies 

eonducted by the Kansas Station? with 3 lots of ear corn fairly dry 
when eribbed, others by the Illinois Station? with 2 cribs, each contain- 

ing 20,000 lbs., and an 8-year test by the Iowa Station* show the fol- 

lowing results: 

Shrinkage in ear corn during storage 
Nov. and Dee. Nov. to Mar. Nov. to Apr. In 1 year In 2 years 

Per ct. Per ct. Per ct. Per ct. er ct. 

IXGHIRERISES ge noe ae 3 83 6.8 8.6 bireke 
MtinoIsee see 2.6 6.0 17.8 19.4 20.6 
OWS ea ae 6.9 9.7 12.8 18 .2 BES 

In a year the corn in the Kansas trial shrank only 8.6 per ect. while 

that in the Iowa trial shrank 18.2 per ect. The rate of shrinkage de- 
pends not only on the maturity of the corn when husked, but also on the 
moisture content of the air. When the water content of ear corn falls 
to 12 per ct., shrinkage practically ceases. A large part of the shrinkage 

of ear corn is in the cobs, which usually form about one-fourth of the 
weight of the ears at husking and one-fifth of their cured weight. Twist- 
ing the ears slightly will fairly indicate the moisture contained. Loose 
grained, ‘‘sappy’’ ears carry 20 per ect. or more of water, while solid ones 
usually contain not much over 12 per ct. Seventy lbs. of dry dent corn 

of good varieties will make 1 bushel, or 56 Ibs., of shelled corn, but in 

early fall the buyers frequently demand 75 or 80 lbs., according to the 
estimated water content. According to the Federal corn grades, by 
which corn is sold on the large markets, the percentage of water in corn 
must not exceed for Number 1, 14 per ct.; Number 2, 15.5 per ct.; Num- 

ber 3, 17.5 per et.; Number 4, 19.5 per ct,; Number 5, 21.5 per ct.; and 
Number 6, 23 per ct. Corn is stored mostly on the husked ear in the 
North, but in the South the husks are left on the ears because of the wee- 

vil, a beetle that lives in the kernels unless they are protected. Shelled 
corn does not keep well in bulk, especially in summer, and so corn is 
held in ear form as long as possible. 

205. Soft corn.—Corn frosted before the grains mature contains too 
much water for storage or shipment, and is best utilized by immediate 

Iowa Bul. 77. ?Kan. Bul. 144. Ill. Bul. 113. ‘Hoard’s Dairyman, 49, 463. 
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feeding. Soft corn has been fed successfully to swine (940), and for 
steers a pound of dry matter in soft corn containing 35 per et. of water 
is equal in feeding valve to a pound of dry matter in hard corn. (736) 
A late-maturing variety of corn should not be planted in a locality 

having a short growing season, with the hope of getting a larger yield. 
The corn will usually not mature, there is great danger of its heating 
and molding, and the shrinkage is large. It is also difficult to secure 
seed for the following year which will retain its vitality. 

206. Composition of the corn kernel.—To determine the composition 
of the different parts of the corn kernel, Hopkins of the Illinois Station® 
separated the kernels of an ear of average dent corn into their several 
parts and analyzed each. The weights of each part and the nutrients 
contained therein for 100 Ibs. of air-dry corn are shown in the following 
table: 

Location of nutrients in the water-free corn kernel 

Total wt. in Crude Carbo- 
100 lbs. corn protein hydrates Fat Ash 

3. Lbs. Lbs. Lbs. Lbs. 

Hull and tip cap...... 7.39 0.36 6.88 0.08 0.07 
Hornlike gluten...... 8.51 1.89 5.88 0.59 0.15 
Hornlike starch....... 47.08 4.80 42 .05 0.11 0.11 
Floury starch........ 25.49 2.00 23 .36 0.06 0.07 
Germ............... 11.53 Pa Pies 4.09 4.02 1.14 

Whole kernel....... 100.00 LIeS3 82 .26 4.86 1.54 

In 100 Ibs. of water-free corn the hulls and tip caps together weighed 

7.39 lbs., the hornlike layer of gluten just under the skin 8.51 lbs., and 

the flinty, hornlike starch at the sides and base of the kernel 47.08 lbs., 

or nearly one-half of the total weight. In each 100 lbs. of kernels the 
soft, floury starch in the middle portion of the kernel formed 25.49 Ibs. 
and the germ 11.53 Ibs. The last 4 columns of the table show the number 

of pounds of each nutrient contained in each of the several parts of 100 
lbs. of water-free corn. It is seen that the hull and tip cap are largely 
carbohydrates, while the germ is heavily charged with crude protein and 

fat, or oil. 
Appendix Table I shows that air-dry dent corn contains 70.9 per ct. 

nitrogen-free extract—nearly all starch—and only 2.0 per et. fiber, 

which comprises the fiber of the hull, or skin, of the kernel, and of the 
cell walls inclosing the starch grains. On comparing the composition of 
corn with that of the other common cereals, it will be noted that corn is 
by far the richest in fat, containing 5.0 per ct. fat, or oil. Because of 
this abundance of starch and oil, corn excels as a fattening food. Corn 
has slightly less crude protein than wheat, barley, oats, or rye and is 
also lower in ash. It is especially deficient in lime, containing only 0.3 
Ib. per 1,000 lbs. of grain. As has been emphasized before (201), in feed- 
ing corn we must bear in mind these facts concerning its composition. 

"HE Bul 87. 
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207. Corn meal; corn chop; corn feed-meal.—The term corn meal, as 
applied to feeding stuffs, is most correctly used to denote the entire 
ground corn grain, from which the bran and hylls have not been re- 
moved by bolting. In preparing corn for human food the grain is either 
ground to a rather coarse meal or cracked coarsely, the fine siftings and 

also the bran or hulls being removed. The milled product, which is like- 
wise called corn meal, has a more attractive appearance than the entire 
ground grain, but contains somewhat less protein and fat. Much of the 
commercial corn meal, particularly in the Mississippi valley, is made 
from the part of the kernel left after the manufacture of cracked corn 

or table meal. It is most correctly called corn feed-meal, and according 
to Smith and Beals of the Massachusetts Station,® is equal in feeding 
value to corn meal made from the entire grain. Corn chop is a name 
sometimes applied to ground corn, and also to mixtures of ground corn 

and corn by-products. Since it has often been found best not to grind 
eorn for stock (423, 475, 735, 847, 921), the question whether this grain 
should be reduced to a coarse or a fine meal has lost much of the interest 

once taken in it. On grinding corn the oil it carries soon becomes rancid 
and gives the meal a stale taste. Hence this grain should never be ground 
far in advance of use. 

208. Corn-and-cob meal.—When ear corn is ground the product is 
called corn-and-cob meal. Because of the rubber-like consistency of the 
cobs, much power is required to reduce ear corn to meal. If the cob 
particles in ecorn-and-cob meal are coarse, the animal will not usually 

eat them, but when finely ground corn-and-cob meal proves satisfactory 
with most farm animals. (576, 941) Much evidently depends on the 

nature of the roughage fed with the meal. The Paris Omnibus Company 
found ecorn-and-cob meal more acceptable than pure corn meal to its 

thousands of horses (475), and stockmen generally report favorably on 

its use. It has been suggested that corn meal when fed alone lies too 

compactly in the stomach to be readily attacked by the digestive fluids, 
while corn-and-cob meal forms a loose mass more easy of digestion. 
Where there is an abundance of cheap roughage, it is best to omit the 

cobs in grinding unless there is ample power at low cost. 
209. Starch and glucose by-products.—In the manufacture of com- 

mercial starch and glucose from corn, the grain is first passed thru 

cleaning machinery. It is then soaked in warm water, slightly acidulated 
with sulfurous acid, which softens the grain and facilitates the separ- 
ation of the germ. Next the grain is coarsely ground and the mass passed 

into tanks containing “‘starch liquor.’’ Here the germs, which are lighter 
on account of the large amount of oil they carry, rise to the surface, and 

are removed. After washing, the residue is then finely ground, and the 
coarser part, the bran, separated by silk sieves. The remainder, called 
‘‘starch liquor,’’ which contains the starch, gluten, and fine particles of 
fiber, is then passed slowly thru shallow, slightly inclined troughs where 

®Mass. Bul. 146. 
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the starch settles like wet lime, while the lighter ingredients—the gluten, 
fiber, ete.—are carried off in the current of water. In this process there 
are thus obtained, (1) the germ, from which corn oil and germ oil meal 

or corn oil cake are secured, (2) the bran, consisting of the hulls, (3) 

the starch, and (4) the gluten. The bran, together with some light 

weight and broken germs, was formerly dried and sold as corn bran. 
Now, however, the bran and gluten are usually united while still wet, 
and then dried and ground, the product being sold as corn gluten feed, 
or corn starch by-product with corn bran, as it is sometimes called.” The 

term corn gluten feed is used to distinguish this feed from ‘‘ Continental 

Gluten Feed,’’ a proprietary name for certain dried distillers’ grains. 
(282) 

210. Corn gluten feed.—Formerly, the steep water, which contains the 
soluble materials, such as soluble protein and phosphates, was allowed to 
run to waste. It is now often evaporated and the residue, called corn 

solubles, is added to the gluten feed. Gluten feed is rich in erude pro- 
tein and fat, contains a fair amount of carbohydrates and is bulkier 
than corn. The protein content varies from 18 to over 29 per ct., 

depending chiefly on how completely the starch has been removed. The 

ash content ranges from less than 1 per ect. when the corn solubles have 

not been added to 5 or 6 per et. when this residue has been incorporated. 
Owing chiefly to the acid nature of some of the protein and phosphorus 
compounds naturally occurring in the corn solubles, gluten feed to which 
these have been added has an acid taste unless the acid has been neutral- 
ized in the process of manufacture. While the small amount of acid 

present is probably not injurious to live stock, the feed is more palat- 

able when the acidity is neutralized. 
In early years gluten feed was normally yellow, since it was usually 

made from yellow corn. When manufacturers began to use white corn 
the resulting product had an uninviting grayish-white color, and was 
sometimes refused by purchasers. The manufacturers thereupon added 
artificial coloring matter to maintain the standard color. Tho the little 
coloring matter used is probably not injurious, it certainly adds nothing 

of value to the feed. Fortunately purchasers are learning to be governed 

by the guarantee and the taste, rather than by the color, and some manu- 

facturers are hence discontinuing the coloring of this feed. Gluten 

feed is a most valuable concentrate, especially in the ration of the dairy 

cow. (590, 757, 856) 
211. Gluten meal— This by-product, now sometimes called corn by- 

product without corn bran, is one of the richest of concentrates in crude 
protein and fat, while fair in carbohydrates and low in mineral matter. 
It is a heavy feed, and, as mentioned before, is usually mixed with corn 
bran to form gluten feed. (491, 591, 981) 

212. Germ oil meal—The corn germs removed in the manufacture of 
starch are dried, crushed, and much of the oil pressed out, leaving the 

™Waener, U. S. Dept. Agr., Bur. Chem., Bul. 122, 1909; Lindsey, Mass. (Hatch) 
Bul. 78. 
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residue in cakes. This is exported as corn oil cake, or ground and sold 
in this country as germ oil meal or corn germ meal. This feed contains 
somewhat less protein than the usual gluten feed, but carries a much 
larger amount of fat. (592) 

213. Hominy feed, meal, or chop.—This by-product, variously called 

hominy feed, hominy meal, or hominy chop, is a mixture of the bran 

coating, the germ, and a part of the starchy portion of the corn kernel 
obtained in the manufacture of hominy grits for human consumption 
and of brewers’ grits. It is a carbonaceous feed, similar in composition 

to corn, but somewhat bulkier. It is slightly lower in nitrogen-free ex- 
tract, higher in fiber, and contains much more fat. While slightly less 
digestible than corn meal, it is kiln-dried, almost invariably sweet, and 

keeps better in storage than does corn meal. As it is a bulkier feed than 
corn meal it is preferred for dairy cattle and has also proven superior 
to corn meal for: fattening pigs. Cochel of the Kansas Station* reports 

that fattening calves would not eat as heavy an allowance of hominy feed 

as of corn meal, perhaps owing to the larger amount of oil in the hominy 
feed. (577, 749, 943) 

214. Corn bran.—But little corn bran now comes upon the market as 

such, for, as we have seen, it is usually mixed with other by-products. 
(209) Corn bran contains about three-fifths as much protein as wheat 
bran, is somewhat higher than that feed in nitrogen-free extract and fat, 
and contains slightly more fiber. 

Jl. WHEAT AND ITs By-PRopUCcTS IN MILLING 

Since it costs more to produce wheat, Triticum sativum, tenax, than 
corn, and since our population is steadily increasing, it is reasonable to 
suppose that wheat will never again be used in any considerable amount 
for feeding stock in this country, as it was at one time. But the feeder 
should know both its absolute and relative value, for the low grades of 
wheat would better be fed to stock than sold. 

215. Wheat as a feed— Compared with corn, wheat carries slightly 
more carbohydrates in the form of starch, more crude protein, and much 

less fat. Tho low in mineral matter, it contains somewhat more lime, 
phosphorie acid, and potash than corn. While the nutritive ratio of dent 
eorn is 1: 10.4, that of wheat is 1:7.7. Tho wheat thus carries a larger 
proportion of protein, this nutrient is unbalanced in composition, lke 
that of corn. (118) Probably due to this, Hart, McCollum, and Fuller® 
have found in trials at the Wisconsin Station that pigs fed on wheat as 
the sole source of protein for long periods are unable to make normal 
growth, even when an abundance of mineral matter is supplied. (105) 
Like corn, wheat should be supplemented by feeds rich in protein and 
lime. Fed in properly balanced rations wheat is about equal to corn 
for milk production or for fattening animals. (578, 739, 849, 945) Fed 

SKansas Industrialist, 41, 1915. *Jour. Biol. Chem., 19, 1914, pp. 373-395. 
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in large amounts to horses it has occasioned digestive disturbances and 

eruptions of the skin. (479) Because the kernels are small and hard, 
wheat should be ground for all farm animals except sheep. Wheat flour 
and meal fed alone are unsatisfactory because they form a pasty mass 
in the animal’s mouth, a condition which can be remedied by adding 
some such material as bran or coarse corn meal. (423) 

As stated before (81), the composition of the wheat kernel is markedly 

influenced by climate, especially in protein content. Wheat from the 

northern plains region is highest in crude protein, while that from the 
Pacific coast districts is unusually low in this nutrient. When grown 
under the same climatic conditions spring wheat is usually slightly richer 
in erude protein than winter wheat.t® Durum, or macaroni, wheat is 

extensively grown in parts of the plains states, especially the Dakotas, 
on account of its higher yield in these sections. This variety shows no 
appreciable difference in composition or feeding value from ordinary 

wheat grown under the same environment."! (849) 
Wheat growers should sell only the best grades, retaining for their 

animals all shrunken, frosted, or otherwise damaged grain, for while 

such wheat has low selling value, it is often equal to grain of good qual- 
ity for feeding. (739, 849, 945) As a rule such grain is richer in pro- 
tein than is wheat of good quality. 

Salvage grain, which has been slightly charred or injured by smoke 
and water in elevator fires, thus being unfitted for human food, may 

have its value for stock feeding but little impaired. 
216. Flour manufacture.—The wheat kernel is covered with three straw- 

like coats or skins. Beneath these comes the fourth, called the ‘‘aleurone 
layer,’’ rich in crude protein, and which in milling goes with the other 
coats to form bran. The germ, or embryo plant, in each kernel is rich 

in oil, erude protein, and mineral matter. The remainder of the kernel 

consists of thin-walled cells packed with starch grains. Among the starch 
erains are protein particles called ‘‘gluten,’’ that give wheat-flour dough 
the tenacity so essential in bread making. In producing flour the miller 

aims to secure all the starch and gluten possible from the wheat grains, 
while avoiding the germ and bran. He leaves out the germs because they 
make a sticky dough and also soon turn dark and rancid, giving the flour 
a specked appearance. Nor does he use the aleurone layer, as it gives a 
brownish tint to the flour. 

In modern milling, flour is produced by passing the thoroly cleaned 
wheat thru a series of hardened steel rollers, each succeeding pair being 
set a little nearer together so that the kernels are gradually crushed into 

smaller and smaller particles. After passing thru each pair of rollers, 
or ‘‘breaks,’’ the flour is removed by sifting or passing the material over 
bolting cloth, and finally only the by-products remain. 

The terms employed to designate the various mill products differ some- 
what in various sections of the country, but those most commonly used 

Bailey, Minn. Bul. 148. “ULadd and Bailey, N. D. Bul. 93. 
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are wheat bran, standard middlings or shorts, white or flour middlings, 
red dog flour and wheat mixed feed. 

In the manufacture of flour, from 25 to 33 per ct. of the weight of the 
wheat grain remains as bran, middlings, ete. Since the annual con- 

sumption of wheat in this country is about 4.5 bushels, or 270 lbs., for 
each person, the by-products of this grain amount to nearly 70 lbs. for 

each person, not including that resulting from the wheat milled for 
export. 

217. Feeding bread.—When available, the stale bread from bakeries is 
used for feeding animals, especially horses. Gay?” states that a Phila- 

delphia teamster fed stale bread mixed with molasses, at a considerable 
Saving and with entire suecess. An English writer’? also reports good 
results from feeding bread to cab horses in London, the only trouble 
being that many loaves were consumed by the workmen. 

218. Wheat bran.—Bran, which consists of the coarse outer coatings 
of the wheat kernel, is comparatively rich in digestible crude protein, 
carries considerable digestible carbohydrates and fat, and is high in 
mineral matter, except lime. It is hight and chaffy, containing much fiber 

for a concentrate. Bran from mills lacking machinery for perfect sep- 
aration of the starch from the bran coats is somewhat lower in crude 
protein and fiber and higher in carbohydrates than the bran from the 
large mills. Woll* concludes that the nutritive difference is usually. 
small, making it advisable to select whichever is cheaper. 

Hart and Patten of the New York (Geneva) Station!’ have shown that 

ordinary wheat bran contains from 6 to 7 per ct. of an organic compound 
containing phosphorus, magnesia, and potash. In the past the laxative 
effect of bran, one of its beneficial properties, was ascribed to the mild 

irritation produced by the chaffy bran particles on the lining of the in- 

testinal tract. These chemists have found, however, that the laxative 

effect of bran is due to this phosphorus compound. Phosphorus, an 
essential component of the bones and of milk, is abundant in bran, while 
lime, likewise needed in still larger amount, is but sparingly present. 
Horses heavily fed on wheat bran or middlings sometimes sutfer from 
““bran disease,’’!° which seriously affects their bones. To supply the lime 

which bran lacks, farm animals may be fed lime in inorganic form—wood 
ashes, ground limestone, burned lime, or ground rock phosphate (floats), 

or they may be supplied lime in organic form by feeding lime-laden 
plants, such as the legumes, which include alfalfa, clover, vetch, cowpea, 

ete. (98) The best grades of bran are of light weight, with large, clean 
flakes and no foreign matter. 

Knowing the properties of bran, one is in position to use this most 

"Productive Horse Husbandry, p. 239. 

8The Field, England, July 15, 1893. 

“Productive Feeding of Farm Animals, p. 180. 

HN. Y. (Geneva) Bul. 250. 

*Taw’s Vet. Medicine, III, p. 572. 
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valuable feed advantageously. As bran is ordinarily too expensive to 

be used as the sole concentrate for farm animals, it should be mixed 
with other concentrates to hghten the ration or add bulk while improving 

its nutritive qualities. With its wealth of crude protein and phosphorus, 
it serves its highest purpose in giving virility to the animal and in help- 
ing build bone and muscle without tending to fatten, thus being especial- 
ly suited to young animals whose digestive capacities are sufficiently de- 
veloped for this bulky feed. (523, 681, 894) Both on account of its 
high content of crude protein and phosphorus and because of its laxative 
action, bran is of great value in putting the bodies of pregnant mares, 
cows, ewes, or sows in the best condition for bearing young. (514, 673-4, 

883, 1015) Supphed to horses once or twice a week in the form of a 
‘‘mash’’ made with scalding water, bran proves a mild, beneficial laxa- 
tive. (486) When used continuously, the animal system becomes accus- 
tomed to it and the laxative property is less marked. Hard-worked 
horses have neither time nor energy to digest feeds of much bulk, and 

hence their allowance of bran should be limited. (467, 486) Being bulky, 
bran is often mixed with corn and other heavy concentrates for starting 
fattening cattle or sheep on feed. (756, 856) It is a most excellent feed 
for the dairy cow, being slightly laxative, giving bulk to the ration, and 

providing the crude protein and phosphorus so vital to the formation of 
milk. (588) Tho too strawlike for young pigs, it is valuable for giving 
bulk and nutriment to the ration for breeding swine and stock hogs not 

getting lezume pasture or hay. (972) 
Due to its widespread popularity, bran is often high in price compared 

with other nitrogenous concentrates which can be used with equally good 

results and many of which carry more protein than does bran. 
219. Red dog flour—Red dog flour, or dark feeding flour, generally 

contains the wheat germs and is therefore rich in crude protein and fat. 
Such flour differs but little in composition and feeding value from the 
best flour middlings. (971) 

220. Wheat middlings.—Middlings vary in quality from red dog flour, 

which contains considerable flour, to standard middlings, or shorts, which 

may contain but little flour. To some extent standard or brown mid- 
dlings and shorts are interchangeable terms. Standard wheat middlings 
comprise the finer bran particles with considerable flour adhering. 
Shorts too often consist of ground-over bran and the sweepings and 
dirt of the mills, along with ground or unground weed seeds. Flour or 
white middlings are of somewhat higher grade than standard middlings ; 

containing considerable low-grade flour and carrying slightly more crude 
protein and less fiber. Middlings are highly useful with swine of all ages. 

They should not be fed alone, but always with more carbonaceous feeds, 

as corn or barley. (969-70) Mixed with the various ground grains, mid- 
dlings and shorts are helpful with dairy cows, since they add crude pro- 

tein and phosphorus to the ration. (588) Middlngs and shorts alone 
should never be fed to horses, since they are too heavy and pasty in 
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character and are lable to induce colic. (487) Like bran, both mid- 
dlings and shorts are low in lime, which should always be supplied by 
the other feeds in the ration. 

221. Wheat mixed feed—Wheat mixed feed, or shipstuff, is, strictly 
speaking, the entire mill run of the residues of the wheat kernel left after 
separating the commercial flour. The term is also used for various mix- 
tures of bran and red dog flour or middlings. Smith and Beals of the 
Massachusetts Station™ state that a good grade is superior to wheat bran, 

but that a difference of 10 per ct. in value is often noted in different 
samples, depending on the amount of flour contained. 

222. Screenings.—In cleaning and grading wheat at the elevators and 
mills, there remain great quantities of screenings, consisting of broken 
and shrunken wheat kernels having a high feeding value, mixed with 

weed seeds. Many of the latter are nutritious, while others are of little 

worth, ana a few actually poisonous. Poisonous seeds, such as corn 
cockle, are rarely present in screenings in sufficient quantities to cause 

ill effects. Unground screenings will never be used by farmers who seek 

to keep their land free from noxious weeds, for many such seeds will 
pass thru the animals uninjured and be earried to the field in the ma- 
nure. Finely ground screenings are free from this objection. Screen- 

ings have their place and use, tho, because of their variable character, 
little of a definite nature can be said concerning them. (850, 954) Along 
with molasses and the by-products of the distilleries, breweries, flouring 
mills, oatmeal factories, ete., they are now largely absorbed in the manu- 
facture of proprietary feeding stuffs. (285) 

The feed control laws of various states require that when screenings 
are present in feeds the fact be indicated on the label and in some eases 
the percentage must be stated. Wheat bran with mill run screenings is 
a trade term for pure wheat bran plus the screenings which were sep- 
arated from the wheat whence the bran originated. Wheat bran with 

screenings not exceeding mill run may be either wheat bran with the 
whole mill run of screenings or with but a portion of the screenings 
output. 

III. Oats AND THEIR By-PRODUCTS 

Next to corn, oats, Avena sativa, are the most extensively grown cereal 
in America. In the southern portion of our country a bushel of oats 
often weighs only 20 lbs., while on the Pacific coast it may weigh 50 lbs. 
Southern oats have a larger kernel than the northern grain, but bear 

an inflated husk carrying an awn or beard, which causes the grains 

to lie loosely in the measure. In the North the kernel is encased in a 
compact hull, usually not awned. The hulls of oats constitute from 20 
to 45 per ct. of their total weight, the average being about 30 per ct. 
‘“Clipped oats’’ have had the hulls clipped at the pointed end, thereby 

“Mass. Bul. 146. 



160 FEEDS AND FEEDING 

increasing the weight per bushel. <A hulless oat, but little grown in this 

country, serves well for poultry and swine, while the varieties with hulls 

are preferable for other stock. The oat grain is higher in crude protein 
than is corn, and in fat it exceeds wheat and nearly equals corn. 

223. Oats as a feed.—Oats are the safest of all feeds for the horse, for 
the hull gives them such volume that the animal rarely suffers from gorg- 
ing; in this respect they are in strong contrast with corn. On account 
of the mettle so characteristic of the oat-fed horse, it was long held that 
there is a stimulating substance in the oat grain. All claims of the dis- 
covery of this compound have, however, melted away on careful exam- 

ination, and rations containing no oats have given results in every way 

as good as where oats were fed. (473-4) For dairy cows there is no better 

grain than oats, but their use is restricted by their high price. (579) 
Oats mixed with other concentrates are helpful in starting fattening 
cattle or sheep on feed. As fattening progresses more concentrated feeds 

should be substituted for all or most of the oats. (740, 851) Ground 

oats with the hulls sifted out provide a nourishing and wholesome feed 
for young calves and pigs. (946) For breeding swine, whole oats in 

limited quantity are always in place. As light weight oats contain more 
hull and less kernel than plump, heavy oats, their feeding value per 

pound will be correspondingly less. 
In recent years the bleaching of low-grade oats and barley with sul- 

furous acid fumes to whiten the grain and raise the market grade, has 

become common. Smith*® estimates that in 6 months beginning October 
1, 1908, nearly 19,000,000 bushels of oats and barley were bleached at 

13 grain centers in 3 north-central states. No feeding trials have been 

reported in which bleached oats have been fed, but complaints from horse- 

men of injurious effects on the health of the animals fed such oats are 
not uncommon. Several states have laws regulating the sale of bleached 

erains. 
224. Oat by-products.—In the manufacture of oatmeal and other break- 

fast foods, after the light-weight grains are screened out to be sold as 

feed the hulls are removed from the remainder, a vast quantity result- 

ing. So completely are the kernels separated that the chaff-like hulls 
have but low feeding value. Oat hulls contain about 30 per ct. fiber, as 

Appendix Table I shows, and their feeding value is only little, if any, 

above that of oat straw. If fragments of the kernels adhere, their value 

is of course thereby improved. The oat hulls are sold in mixture with 
other feeds under various names. (285) The statement of feed manu- 
facturers that the addition of a limited amount of hulls to a heavy con- 
centrate mixture is beneficial seems reasonable in view of the excellent 
results secured with the natural unhulled oats. However, the appear- 
ance of such feeds is no guide to their value or the quantity of hulls 
present, and they hence should be purchased only on guarantee and on 

the basis of their actual composition compared with standard feeds. 

TJ. S. Dept. Agr., Bur. Plant Indus., Cir. 74. 
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After the oats are hulled, they are freed from the minute hairs which 

adhere to the outer end of the kernel. Small as these hairs are, they form 
with fragments of the kernels a product of great volume, known as oat 
dust, which contains considerable protein and fat, with about 18 per ct. 

. fiber. This feed is usually sold in mixture with other concentrates, as 
its light, fluffy nature makes it unsuitable to feed alone. In feeding 
value this product ranks between oat hulls and oat middlings. Oat shorts 
or middlings, consisting of the outside skins of the kernels, closely re- 
semble wheat bran in composition, but carry more fat. Oat feeds are mix- 

tures, widely varying in composition, of ground oat hulls, oat middlings, 

and other by-products. Since the feeding value will depend on the 
amount of hulls present, these feeds should be purchased only on guar- 
antee of composition and from reputable dealers. The fiber content of 
any lot indicates the relative amount of hulls contained. Clipped oat 
by-product, or oat clippings, is the by-product obtained in the manu- 
facture of clipped oats. This material, which consists of chaffy material 
broken from the ends of the hulls, empty hulls, ight immature oats, and 

dust, is used in various proprietary feeds. 
225. Ground corn and oats.—This feed, variously called ground corn 

and oats, ground feed, and provender, is extensively employed in the 
eastern and southern states for feeding dairy cows and especially horses. 
In composition it ranges from a straight mixture of good-grade corn 
and oats to one containing a large proportion of low-grade materials such 

as oat hulls, ground corn cobs, and other refuse. The best guide to the 
purity of this feed is the fiber content. As corn contains only 2.0 per ct. 
fiber and oats 10.9 per ct.; when ground corn and oat feed contains over 
about 7 per ct. fiber, it has either been adulterated or was made from 
poor quality oats. Where more than 9 per ct. fiber is present adulter- 
ation is certain.1° This feed should be purchased only on guarantee and 
from reliable dealers. 

TV. BARLEY AND ITS By-PROoDUCTS IN BREWING 

Barley, Hordeum sativum, is the most widely cultivated of the cereals, 
growing as far north as 65° north latitude in Alaska and flourishing 
beside orange groves in California. Once the chief bread plant of many 
ancient nations, it is now used almost wholly for brewing, pearling, and 
stock feeding. Richardson*® found that Dakota barley contained the 
highest percentage of crude protein, and Oregon barley the lowest. The 

adherent hull of the grain of ordinary brewing barley or of Scotch 
barley constitutes about 15 per ct. of its total weight. 

California feed barley, grown extensively in some sections of the West, 
has more hull and weighs 45 lbs. or less per bushel; while the usual 
weight of common barley is 48 lbs. Bald, or hulless, barley also grown 
in the western states has hard kernels, contains less fiber owing to the 

”Woll and Strowd, Wis. Cir. 47. “U.S. Dept. Agr., Div. of Chem., Bul. 9. 
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absence of the hull, and is as heavy as wheat. (848) Barley has less 

digestible crude protein than oats, and more than corn. The ecarbo- 

hydrates exceed those of oats and fall below those in corn, while the oil 

content is lower than in either of these grains. 
226. Barley as a feed.—On the Pacific slope, where corn or oats do . 

not flourish in equal degree, barley is extensively used as a feed for ani- 

mals. The horses of California are quite generally fed on rolled barley, 
with wheat, oat, or barley hay for roughage. (494) Barley is the common 

feed for dairy cows in northern Europe. The Danes sow barley and oats 

together in the proportion of 1 part of barley to 2 of oats, the ground 
mixed grain from this crop being regarded as the best available feed for 
dairy cows and other stock. (580) Fed with legume hay to fattening 

steers and lambs, barley has given nearly as good returns as corn. (738, 

848) For horses barley is somewhat less valuable than oats. (478) At the 

Virginia Station*! calves made excellent gains on barley and skim milk, 

but corn proved cheaper. (681) In Great Britain and northern Europe 
barley takes the place of corn for pig feeding, leading all grains in pro- 
ducing pork of fine quality, both as to hardness and flavor. In American 
trials somewhat more barley than corn has been required for 100 Ibs. 

gain with fattening pigs. (944) Owing to its more chaffy nature Cali- 
fornia feed barley is somewhat lower in value than common barley. (848) 

Tho barley 1s somewhat higher than corn in crude protein, it is still 

decidedly carbonaceous in character, and should be fed with legume hay 
or with a nitrogenous concentrate for the best results. 

227. Malt.—In making malt the barley grains are first steeped in warm 
water until soft. The grain is then held at a warm temperature until 
it begins to sprout, in which process the amount of diastase, the en- 
zyme which converts starch into malt sugar, increases greatly, and some 

of the starch in the grain is acted on by the diastase. When sufficient 

diastase has been formed in the sprouting grain, it is quickly dried. The 
tiny, dry, shriveled sprouts are then separated from the grains, and put 

on the market as malt sprouts. The dried grains remaining form malt. In 

the manufacture of beer the malt, after being crushed by rolling, is moist- 
ened and usually mixed with cracked corn which has been previously 
cooked. The diastase in the malt now converts the starch in the corn 
and the malt itself into malt sugar. This, together with some of the 
nitrogenous and mineral matter is then extracted from the mass and 

fermented by yeast. The freshly extracted residue constitutes wet 

brewers’ grains, which on drying in a vacuum are called dried brewers’ 
grains or brewers’ dried grains. 

It was formerly claimed that malting barley increased its value for 
stock feeding. Investigations by Lawes and Gilbert of the Rothamsted 
Station,** England, show that a given weight of barley is of greater value 
for dairy cows and fattening animals than the amount of malt and malt 

sprouts that would be produced from it. This is due to the oxidizing 

2Va, Bul. 172. ?Rothamsted Memoirs, Vol. IV. 
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or burning up of some of the stored nutrients in the grain during the 
sprouting process. Malt is, however, very palatable to stock, and useful 
as a conditioner and in fitting animals for exhibition or sale.** 

228. Dried brewers’ grains.—Dried brewers’ grains, which are no more 
perishable than wheat bran, contain over 70 per ct. more digestible 

crude protein and twice as much fat as wheat bran, but are lower in 
carbohydrates, which are largely pentosans.** (9) 

Higher in fiber than wheat bran, they are a bulky feed, and there- 
fore not well suited to pigs. They are widely fed to dairy cows and 
serve well as part of the concentrate allowance for horses, especially for 
those at hard work, and needing an ample supply of protein. (488, 593, 

759, 856) 
229. Wet brewers’ grains.—Owing to their volume, watery nature, and 

perishable character, wet brewers’ grains are usually fed near the brew- 

ery. Containing about 75 per ct. water, they have slightly over one- 

fourth the feeding value of an equal weight of dried grains. In the 
hands of ignorant or greedy persons cows have often been crowded into 

dark, illy-ventilated sheds and fed almost exclusively upon wet brewers’ 
erains. Sometimes the grains are partially rotted when fed, and the 

drippings getting under feed boxes and floors produce sickening odors. 
It is not surprising that boards of health have prohibited the sale of 
milk from such dairies. There is nothing in fresh brewers’ grains which 
is necessarily deleterious to milk. Suppled in reasonable quantity, 20 
to 30 lbs. per head daily, and fed while fresh in clean, water-tight boxes 

and along with nutritious hay and other roughage, there is no better 

food for dairy cows than wet brewers’ grains. So great is the temp- 
tation to abuse, however, that wet grains should never be fed to dairy 

cows unless under the supervision of competent officials. If this cannot 
be done, their use should be prohibited. In Europe the wet grains are 

considered excellent for fattening cattle and swine when used with dry 
feed and furnishing not over half the nutrients in the ration. On ac- 
count of their ‘‘washy’’ nature, they are not so useful for horses and 

sheep, tho horses may be fed 20 Ibs. per head daily and fattening sheep 
1 lb. daily per 100 lbs. live weight.” 

230. Malt sprouts—The tiny, shriveled sprouts which have been sep- 

arated from the dried malt grains form a bulky feed which is rather low 

in carbohydrates and fat, but carries about 20 per et. digestible crude 

protein, one-third of which is amids.*° At ruling prices they are an eco- 

nomical source of protein, but not being relished by stock should be given 
in limited quantity mixed with other concentrates. Malt sprouts are 
especially valuable for dairy cows, tho they will not usually eat over 2 or 
3 lbs. daily. (594) In Europe horses have been fed as high as 5 to 6 lbs. 

%Pott, Handb. Ernahr. u. Futter., III, 1909, p. 257. 

*4*Mass. (Hatch) Bul. 94. 

>Pott, Handb. Ernahr. u. Futter., Ili, 1909, p. 233. 

*Pott, Handb. Ernahr. u. Futter., III, 1909, p. 223. 
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per head daily with good results, and sheep 0.5 lb. daily per 100 lbs. live 
weight. Since malt sprouts swell greatly when they absorb water, they 
may cause digestive disturbances if fed dry to stock in large amounts 

and should therefore be soaked for several hours before feeding. When 
not over 1 lb. per head is fed to cattle with other feed, soaking is un- 
necessary, but moistening to lay the dust is advisable.** 

231. Barley feed.—This by-product from the manufacture of pearl 
barley or flour has about the same feeding value as wheat bran, being 

somewhat lower in protein and higher in nitrogen-free extract. 

V. RYE AND ITs By-pRoDUCTS 

Rye, Secale cereale, the principal cereal of north Europe, is not ex- 

tensively grown in America. Tho it repays good treatment, this ‘‘ grain 
of poverty’’ thrives in cool regions on land that would not give profit- 
able returns with the other cereals. It furnishes about one-third of the 
people of Europe with bread, and when low in price or off-grade 1s com- 

monly fed to stock. 
232. Rye and its by-products—Tho farm animals show no fondness for 

rye, they take it willingly when mixed with other feeds, as should always 
be done. Fed alone or in large amounts it is more apt to cause digestive 

disturbances than the other cereals. In northern Europe it is a common 
feed for horses and swine. (480, 948) Fed in large allowance to cows 

rye produces a hard, dry butter, but a limited amount mixed with other 
feeds has given good results. (581) 

The by-products in the manufacture of rye flour are rye bran and rye 
middlings, which are usually combined and sold as rye feed. All have 
about the same feeding value as the corresponding wheat feeds, each con- 

taining less fiber and being somewhat lower in protein and higher in 
nitrogen-free extract than the corresponding wheat feed. 

VI. EMMER 

Emmer, Triticum sat., var. dicoccum, often incorrectly called ‘‘spelt’’ 
or ‘‘speltz,’’ was introduced into America from Germany and Russia. 
It is a member of the wheat family, altho in appearance the grain re- 
sembles barley. Being drought resisting, emmer is especially valuable 
in the semi-arid regions of America. In 1909, 12,700,000 bushels were 
grown, mostly in the northern plains states, the average yield per acre 
being 22 bushels of 40 Ibs. each. The adherent hulls of emmer repre- 
sent about 21 per ct. and the kernels 79 per ct. of the grain. 

The following table shows the average yields of various spring grains 
grown without irrigation for 8 years at the North Dakota Station at 
Fargo?’ and for 5 years at the North Platte, Nebraska, Station :*° 

Pott, Handb. Ernahr. u. Futter., III, 1909, p. 226. 

3N, D. Bul. 75. *Nebr. Bul. 135. 
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Yield of emmer compared with other spring grains 

North Dakota Nebraska 
Grain Yield per acre Yield per acre 

Lbs. Lbs. 

Bimmer ss... - eae: IIE Sanat chor Ss bere 1,945 1,142 
Banleyas oan: Rian hee.” {ter 9 SAGs f bere 1,877 1,423 
Ong. See eee CA UR SS hc See ER ee 1,969 1,032 
SMG0 ii, GEE ES EEE ie ier ieee ne en ete ie 7al| yaa 
CIRCLE ee oe i ten ee ee 1,835* 1,151 

* Av. of 7 years. 

Winter emmer, introduced more recently into the United States, is of 
considerable promise in states where it is hardy.*° 

233. Emmer as a feed.—In composition emmer closely resembles oats. 
Like that grain it is somewhat bulky to use as the sole concentrate for 

fattening animals, and gives better results when mixed with corn or 

barley. (743) Tho its value is usually somewhat lower than that of 
corn, with corn silage and linseed meal, ground emmer proved equal to 

corn, pound for pound, with fattening steers in a trial at the South Da- 
kota Station. (743) With dairy cows and fattening pigs its value is 
somewhat less than that of corn. (582, 947) Thru the introduction of 

emmer, kafir, milo, and certain millets, all relatively new plants with 
us, the possibilities of the great plains region of America for the main- 
tenance of farm animals and the production of meat have been enor- 
mously increased. 

*U. S. Dept. Agr., Farmers’ Bul. 466. 



CHAPTER X 

MINOR CEREALS, OIL-BEARING AND LEGUMINOUS SEEDS, 
AND THEIR BY-PRODUCTS 

I. RicE AND ITs By-PRoDUCTS 

The production of rice, Oryza sativa, is steadily increasing in Louisi- 
ana, Texas, and Arkansas, where it already forms an important industry. 

In 1914 about 22,589,000 bushels of rice, over 95 per ct. of the entire crop 

of the United States, was produced in these states... Like wheat, this 
cereal is used almost entirely for human food, only the by-products 

from the manufacture of table, or polished, rice being fed to farm 

animals. 
234. Rice and its by-products.—In preparing rough rice, often called 

paddy, for human food, first the hulls and next the bran, or outer skin 

of the kernel, are removed. The kernels are then ‘‘polished,’’ both to 

separate the creamy outside layer of cells, rich in crude protein and fat, 
and to produce an attractive, pearly luster. The resulting floury par- 
ticles constitute rice polish. According to Fraps’ of the Texas Station, 
a sack of rough rice, weighing 162 lbs., will yield about 100 Ibs. of pol- 

ished rice, 6.3 Ibs. of rice polish, 20.2 lbs. of rice bran, and 32.1 lbs. of 
hulls, with a wastage of 3.4 Ibs. 

Rice hulls are tasteless, tough, and woody. They are heavily charged 

with silica, or sand, and have sharp, roughened, flinty edges and needle- 

like points which, not softening in the digestive tract, prove irritating 
and dangerous to the walls of the stomach and intestines. Because of 

authentic reports of vomiting and death with cattle fed rice hulls, they 
should never be fed to farm animals.* Yet rice hulls have been extensively 
employed by unscrupulous dealers for adulterating commercial feeding 
stuffs, and are sometimes ground and sold as ‘‘husk meal’’ or ‘‘Star 

bran.’’ 
Rice bran, when pure, is composed of the outer layer of the rice ker- 

nel proper, together with the germs, and a small amount of hulls not 
separated in the milling process. This feed, when adulterated with hulls, 
is called ‘‘commercial bran.’’ Unadulterated bran, which does not con- 

tain over 12 per ct. fiber, is a highly nutritious feed, as not enough hulls 

are present to be injurious. It contains about 11 per ct. fat, and approx- 
imately as much protein as barley or wheat, but less nitrogen-free extract. 
As rice oil, or fat, soon becomes rancid, the bran is frequently distasteful 
to animals. The Louisiana Station employed rice bran successfully as 
half the concentrates for horses and mules, and it was found satisfactory 

1U. S. Dept. Agr., Yearbook, 1914. a Tex: Bulent. 2a Bulse ice 
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for fattening steers at the Texas Station. (745) Fed to dairy cows and 
swine in large amounts, even when not rancid, it injures the quality of 
milk and produces soft pork. (980) 

Rice polish, which has a feeding value equal to corn, carries slightly 
more crude protein and considerably more fat, but correspondingly less 

nitrogen-free extract. Its use in the arts removes it largely from the list 
of farm feeding stuffs. (745, 980) 

Only low-grade rough rice and hulled rice are commonly fed to stock. 
Dodson of the Louisiana Station* values rough rice at 7 and hulled rice 

at 16 per ct. more than corn. Hulled rice is the richest of all cereals in 

carbohydrates, but relatively low in erude protein and fat. Since no ill 
effects from the hulls have been known to follow the feeding of rough 
rice, it may replace corn in the rations of farm animals. On account of 
the hardness of the kernels it gives better results when ground. The 
Texas Station’ found that ground damaged rice had about half the value 
of cottonseed meal for fattening steers. Red rice, a pest in rice fields, 
equals the cultivated grain in feeding value. (745) 

II. SorngHuMs AND MILLETS 

Numberless millions of people in India, China, and Africa rely on the 
sorghums and millets for their bread. Church® tells us that 33,000,000 

acres of land in India are annually devoted to growing the millets and 
the sorghums including the kafirs, milos, ete—a greater area, he re- 
ports, than is devoted to wheat, rice, and Indian corn combined. Ball’ 

writes that thruout Africa—on the dry plains, in the oases of the Sahara, 

on high plateaus, in mountain valleys, and in tropical jungles—the sor- 

ghums are the one ever-present crop. Their forms are as diverse as the 
conditions under which they grow, the plants ranging in height from 3 

to 20 feet, with heads of different shapes varying from 5 to 25 inches in 
length. 

The sorghums, Andropogon sorghum or Sorghum vulgare, vars., may 
be divided into two classes—the saccharine sorghums, having stems filled 
with sweet juices, and the non-saccharine varieties, with more pithy stems 
and juice sour or only slightly sweet. The Indian corn plant never gives 
satisfactory returns if once its growth is checked. The sorghums may 
cease growing and their leaves shrivel during periods of excessive heat 
and drought; yet when these conditions pass and the soil becomes moist 
again, they quickly resume growth. This quality gives to this group of 
plants great worth and vast importance as grain crops for the southern 
portion of the semi-arid plains region. Their value in this section is 
well shown by the fact that between 1899 and 1909 the acreage in the 

United States of kafir and milo grown for grain increased from 266,000 
to 1,635,000 acres. 

*La. Planter, 44, 6, p. 92. ‘Food Grains in India, 1901. 

5Tex. Bul. 86. 7Yearbook, U. S. Dept. Agr., 1913. 
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235. Grain sorghums.—The non-saccharine, or grain, sorghums include 
kafir, durra, milo, feterita, kaoliang, and the less important shallu. The 

kafirs are stout-stemmed, broad-leaved plants, having slightly sweet juice 

and long, erect, cylindrical heads carrying small, egg-shaped seeds. The 
true durras were the first grain sorghums introduced into the United 
States. They were never grown to any great extent as they have coarse 

stems, relatively few leaves, lodge readily, and sucker badly. The grain 

shatters easily and the pendent, or ‘‘goose-necked,’’ heads render har- 

vesting difficult. 
The mzlos, sometimes classed under the durras, have few leaves com- 

pared with the kafirs, and hence are not as valuable for forage. They 
usually have short, thick heads with large, flat seeds. The heads are 
mostly goose-necked, but some strains have recently been developed in 

which nearly all the heads are erect. Feterita, or Sudan durra, has 
slender stems carrying more leaves than milo, but less than kafir, and 
erect heads bearing flattened seeds. 

The kaoliangs, early maturing sorghums from northern China, are 
slender, dry-stemmed plants, with loose, open, erect heads. Shallu, or 

‘‘Heyptian wheat,’’ is slender-stemmed, with low, spreading heads which 
shatter badly. Reports from various experiment stations show that 
shallu is of little value compared with the other sorghums. 

Most of the grain sorghum produced in the United States is grown in 
the southern part of the Great Plains region, east of the Rocky Moun- 

tains, extending from southwestern Nebraska to northwestern Texas. A 
limited amount is also grown in sections of Arizona, Utah, and Cali- 
fornia. By selection and crossing, varieties of sorghum are being de- 
veloped which are suited to the various districts, especially dwarf strains 
which have erect heads that are easily harvested with the grain header, 

and which are early maturing, thereby escaping late summer droughts. 

Thru the development of early types the sorghums are being carried fur- 

ther north. Over much of the drier western portion of the grain-sor- 
gehum belt these crops are more sure, and, even on good soil, return larger 

yields than corn. 
On poor, thin uplands in central and eastern Kansas and Okla- 

homa the sorghums are also superior to corn. Churchill and Wright® of 
the Oklahoma Station report that during the 5 years, from 1909 to 1913, 
on soil underlaid by hardpan where the average yield of corn was only 

1 bushel per acre, kafir averaged 34.9 bushels. Even on better land in 

such districts it is advisable to replace some of the corn acreage with 
grain sorghum as an insurance against severe drought. Piper’ states 

that the grain sorghums commonly yield 25 bushels per acre with 
maximums of 75 bushels for kafir, 46 for milo, and 80 for feterita. 

The customary basis for selling the seed of the grain sorghums is by 
the 56-lb. bushel, but, according to Churchill and Wright*® of the Okla- 

homa Station, the usual weight is about 54 lbs. Kafir heads contain 
about 77 per ct. of grain and those of milo about 84 per ct.; accordingly 

SOkla. Bul. 102. *Forage Plants, p. 273. Okla. Bul. 102. 
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73 lbs. of head kafir and 66 lbs. of head milo are required for a bushel 
(56 lbs.) of grain. Ball** states that altho the percentage of grain in 

the entire crop varies widely with the season and thickness of stand, 
under ordinary conditions from 35 to 40 per ct. of the air-dry weight 
of a crop of milo and kaoliang and 25 per et. of kafir will be grain. 

When cut for grain the crop should not be harvested until the seeds 

are well matured. Because the hard-coated seeds when apparently dry 
may contain much water, the grain sorghums are especially apt to heat 

in the bin unless precautions are taken. 
236. Grain sorghums as feeds——The different sorghums are similar in 

composition, carrying about as much crude protein and nitrogen-free ex- 
tract as corn, but about 1.5 per ct. less fat. Properly supplemented 
with protein-rich feeds, they are excellent for all classes of animals. Tho 

less palatable than corn, their nutritive value ranges from fully equal 
to this grain to 15 per ct. less. (741-2, 853, 949-51) For horses, fatten- 
ing cattle, dairy cows, and pigs the grain is usually ground, being then 

called “‘chop.’’ Grinding for sheep is not essential. Often the unthreshed 
heads are fed, or the forage carrying the heads is supplied, especially 

to idle horses, colts, and young stock. (481) On grinding the entire heads 
the product is called ‘‘head chop,’’ which resembles corn-and-cob meal 
in composition. 

237. Kafir—tThe kafirs lead in both grain and forage production in 
eastern Kansas and Oklahoma. This type does not sucker or produce un- 
desirable side branches, has erect, compact heads, and neither lodges nor 

shatters its grain. The most common type in the more humid districts 
is the Blackhull while farther west the Dwarf Blackhull and the White 

are recommended as their earliness enables them the better to evade 
drought.” Grown in regions of deficient rainfall, the average yield of 
kafir is not large. In good seasons and on fertile soil yields of 50 bushels 

per acre, and occasionally 75 bushels, are secured. Kafir grain, being as- 
tringent and constipating, is suited for feeding with alfalfa, clover, and 
other somewhat laxative roughages. (481, 583, 681, 741, 853, 949) 

238. Milo.—Next to kafir, milo is the most important of this class of 
plants. Grown but little in the extreme east of the grain belt, it outyields 
kafir in the more arid districts as it is earlier. According to Ball," milo 

is somewhat superior to the kafirs as a feeding grain, and unlike the ka- 
firs, has a beneficial laxative effect on the bowels. (481, 742, 853, 950) 

239. Feterita.—This type of durra ripens with milo, but when both are 

planted late matures sooner. It yields as much grain as kafir, tho less 
forage, and is a most promising sorghum for the eastern portion of the 
grain sorghum belt. Unfortunately it stools badly and lodges easily after 
maturity.7* (870, 951) 

240. Kaoliang.—These early-maturing sorghums are of much promise 
for the northern plains section where the other types will not mature. 
The kaoliangs compare favorably in yield of grain with the milos, and 

“U.S. Farmers’. Bul. 448. *U. S. Farmers’ Bul. 322. 

“Kan. Bul. 198. “Okla. Bul. 102. 
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are even better in severe drought. Hume and Champlin report that in 
1911 at the Highmore, South Dakota, Branch Station’ when all the small 

grain crops were a failure because of drought, kaoliang yielded from 6 

to 11 bushels per acre, small tho promising yields. The forage of the 
kaohangs is scanty and of poor quality, the stalks being pithy and the 

leaves few. In sections where they mature, kafir, milo, or feterita are to 
be preferred. (951) 

241. Sweet sorghums.—The sweet sorghums, or sorghos, are forage 
rather than grain producers, and are therefore discussed more fully in 
Chapter XII. (308-9) Early varieties will mature wherever corn 

ripens. At the Wisconsin Station'® the senior author secured 32 bushels 
weighing 53 Ibs. each of amber cane seed per acre. Cook of the New 

Jersey Station’* found amber eane seed about 10 per et. less valuable 
than Indian corn for dairy cows. (984) For grain production sweet sor- 
ehum is surpassed by corn in the humid regions and by the grain sor- 

eghums in the plains districts. 
242. Broom corn.—In harvesting broom corn the heads are cut before 

the seed has fully matured, and the seed is removed from the brush be- 
fore it is thoroly dry. This seed has feeding value and may be saved by 

drying or ensiling or, as Miles'S showed, by preserving in an earth- 

covered heap. 
243. Millets—The millets chiefly grown in this country are: (1) the 

foxtail millets, Setaria Italica spp., all resembling common foxtail or 
pigeon grass in appearance; and, (2) the broom corn, proso, or hog mil- 

lets, Panicum miliaceum spp., which have spreading or panicled heads, 
wide hairy leaves, and large seed. Other types used only for forage are 
mentioned in Chapter XIII. In humid regions millets are chiefly sown 

in early summer as ecateh crops, owing to the short period required for 

erowth. Jn the northern plains district, where the growing season is too 
short for the sorghums, they are of increasing importance for grain pro- 

duction. Zavitz of the Ontario Agricultural College,t® from 10-year plot 

tests with various types of foxtail millets, reports average yields per acre 
ranging from 33.8 to 49.3 bushels weighing 51 to 54.5 lbs. each. Hume 
and Champlin obtained an average of 16.4 bushels per acre with vari- 

ous types of proso millets in trials covering 6-7 years at the Highmore, 
South Dakota, Station,?° and of 20.7 bushels for foxtail millets in trials 
during 6 years. Wilson and Skinner of the South Dakota Station*! pro- 

duced 30 bushels of hog, or Black Veronesh millet, Panicum miliaceum, 
per acre. The ground grain proved satisfactory for fattening swine, tho 

for a given gain one-fifth more millet was required than of wheat or bar- 

ley. The careasses of the millet-fed pigs were clothed with a pure white 
fat of superior quality. At the same Station’* in the production of baby 

6S) Di. Bul. 135. "Ont. Agr. Col. Rpt. 1918. 

wWis. Sta., Rpt. on Amber Cane, 1881. 209'> D. Bul: 3b: 

VN. J. Rpt. 1885. 2S. Di Bulass: 
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beef somewhat more millet than corn was required for a given gain, (744, 
854, 952) 

LI. Buckwuerat AND ITs By-PprRopucTs 

Tho rarely used for feeding stock, buckwheat has a fair value for such 
purpose, its nutrients running somewhat lower than those in the lead- 
ing cereals. (953) 

244. Buckwheat by-products——The black, woody hulls of the buck- 
wheat grain, Magopyrum esculentum, have little feeding value and should 
be used to give bulk or volume to the ration only when it cannot be other- 
wise secured. On the other hand, buckwheat middlings, that part of the 
kernel immediately under the hull, which is separated from the flour on 

milling, contain 28 per et. crude protein and 7 per et. fat, with little fiber, 

and hence have a high feeding value. The miller, desiring to dispose of 
as much of the hulls as possible, mixes them with the middlings to form 
buckwheat bran or feed. Woll’* concludes that buckwheat feed, not over 
half of which is hulls, is worth about 20 per et. less than wheat bran. 
Such feed carries about 15.7 per ct. protein and 24 per ct. fiber. The 
intelligent purchaser avoids the worthless hulls so far as he ean, choos- 
ing instead the rich, floury middlings. Buckwheat by-products are nearly 

always used for feeding cows, rightly having the reputation of produc- 
ing a large flow of milk, but may be successfully fed in limited quantities 

to other farm animals. (595) The charge that buckwheat by-products 
make a white, tallowy butter and pork of low quality fails if they are 

not given in excess. When stored in bulk, buekwheat by-products are 
lable to heat unless first mixed with some light feed, like wheat bran. 
(953) 

IV. OIL-BEARING SEEDS AND THEIR By-pRopUCTS 

The annual crop of cotton, Gossypium hirsutum, in the United States 
now amounts to over 14,000,000 bales of 500 lbs. each with not less than 

7,000,000 tons of cotton seed as a by-product, since for each pound of 
fiber, or lint, there are 2 lbs. of seed. Previous to 1860 the seed of 

the cotton plant was largely wasted by the planters, who often allowed 
it to rot near the gin house, ignorant or careless of its worth, while meat 

and other animal products which might have been produced from it were 
purehased at high eost from northern farmers. The utilization of the 
cotton seed and its products as food for man and beast furnishes a strik- 
ing example of what science is accomplishing for agriculture. 

According to Burkett and Poe,** 1 ton of cotton seed yields approxi- 
mately : 

MPLS EA BO SINON UPA E Lin sanuicsigeiias cys, SiR co 05 vaca anes eee 27 pounds 
Lin bi DS SAO Sree aeRO on ER, aE POA cat fh 841 pounds 
NB HICE OR MCAS eae cok A niba iilives ya's ie Gly ciMan as SHR 732 pounds 
CWRUUU UUme RN Nir n Galle are. cca eee eRe en 280 pounds 
TGS UCR cere here ic eck os SEAN aera LN SAD a hg 120 pounds 

Atgoy tel Blk bed ia DOC Ne ee ee ie ra edie St 2000 pounds 

*Wis. Cir. 42. “Cotton, its Cultivation, ete. 
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245. Cotton seed.i—The cotton seed carries about 19 per et. fat, or oil, 

and nearly 20 per et. crude protein. Formerly much seed was fed in the 
South, especially to steers and dairy cattle. Now little is fed before the 

oil is extracted, both on account of the value of the oil and because cotton- 

seed meal usually gives better results. Burns of the Texas Station®® found 
that 205 lbs. of cotton seed fed with cottonseed hulls and kafir grain was 
not equal to 100 lbs. of cottonseed meal for fattening steers, while Ben- 

nett?° at the Arkansas Station found 44 lbs. of meal and 59 lbs. of hulls 
fed with cowpea hay fully equal to 100 lbs. of seed for steers. Owing 
to the high oil content, cotton seed sometimes has an unduly laxative 

effect. (752) Connell and Carson of the Texas Station*’ report that 
boiled or roasted seed produced larger gains and was more palatable 
and less laxative, but owing to the cost of preparation the gains were 

more expensive. Wet, moldy cotton seed, or that which has heated, 

should never be fed. (598) 
246. Cottonseed cake and meal.—At the oil mills the leathery hulls of 

the cotton seed, which are covered with short lint, are cut by machinery, 

and the oily kernels set free. These kernels are crushed, heated, placed 
between cloths, and subjected to hydraulic pressure to remove the oil. 

The residue is a hard, yellowish, board-like cake about 1 inch thick, 1 ft. 

wide, and 2 ft. long. For the trade in the eastern and central states the 
cake is generally ground to a fine meal, for the western trade it is often 

broken into pieces of pea or nut size for cattle and coarsely ground for 

sheep, while the export cake is commonly left whole. For feeding out of 
doors the broken cake is preferable to meal as it is not scattered by the 
wind. Unadulterated cottonseed meal of good quality should have a 

light yellow color and a sharp, nutty odor. A dark or dull color may be 

due to age, to adulteration with hulls, to overheating during the cook- 

ing process, or to fermentation—all of which impair its feeding value.** 
Cottonseed meal is one of the richest of all feeds in protein and carries 

over 8 per ct. of fat. The protein and fiber content vary considerably, 
depending chiefly on how thoroly the hulls are removed from the meal. 
The value of fresh and wholesome meal depends on the percentage of 

protein it contains; manufacturers and feed control officials have there- 
fore agreed othe following classification of products : 

Choice cottonseed meal rust be perfectly sound and sweet in odor, yellow, not brown 

or reddish, free from excess of lint, and must contain at least 41 per ct. of crude protein. 
Prime cottonseed meal must be of sweet odor, reasonably bright in color, and must 

contain at least 38.6 per ct. of crude protein. 
Good cottonseed meal must be of sweet odor, reasonably bright in color, and must 

contain at least 36 per ct. of crude protein. a 

Cottonseed feed is a mixture of cottonseed meal and cottonseed hulls, containing less 
than 36 per ct. crude protein. 

Owing to its wide variation in composition, cottonseed meal should be 

purchased on guarantee whenever possible. 

2 exe Bile LL; 7° Ark, Bul. 52. 7Tex. Bul. 27. S Hills Vit. Rpt. 1909: 
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247. Cottonseed feedi—On northern markets cottonseed feed, which 
may consist largely of hulls, is often sold for but a few dollars per ton 

less than choice cottonseed meal. By appearance alone it is impossible 
to distinguish good cottonseed meal from finely ground cottonseed feed. 

Cottonseed feed may be an entirely legitimate product, for it is impos- 
sible to separate thoroly the hulls of certain kinds of cotton seed from 
the kernels. However, such feed should be bought at a price correspond- 
ing to its crude-protein content. ° 

In ease of doubt as to purity, the following simple test will show the 
approximate amount of hulls present in cottonseed meal.*° 

Place a teaspoonful of the meal (do not use more) in a tumbler and pour over it 
from 1.5 to 2 ounces of hot water. Stir the mass till it is thoroly wet and all the particles 
are floating. Allow it to settle for 5 to 10 seconds and pour off the liquid. If there has 
settled out in this time a large amount of fine, brown sediment which is noticeably 
darker than the fine yellow meal and which keeps settling out on repeated treatments 
with hot water, the product is low grade. All meals contain small quantities of hulls 
and will show dark specks when thus tested, but the results are striking when pure meal 
is compared with cottonseed feed. 

248. Cold-pressed cottonseed cake.—Cold-pressed cottonseed cake, or 

‘‘caddo’’ eake, is produced by subjecting the entire uncrushed, unheated 
seed to great pressure. In the residual cake there is a larger proportion 
of hull to meal than in normal cake, with correspondingly lower feeding 

value. This product is usually sold in nut or pea size but is sometimes 
ground to a meal. The crude-protein content of cold-pressed cake is a 
reliable guide to its feeding value. (598, 751) 

249. The poison of cotton seed.—Practical experience and trials at the 
experiment stations unite in showing that cotton seed or cottonseed cake 
or meal is not always a safe feed. After a period of about 100 days 
steers closely confined and heavily fed on meal often show a staggering 
gait, some become blind, and death frequently ends their distress. The 
Towa Station®® reports the death of 3 steers, and blindness in others when 
2.5 lbs. of cottonseed meal was fed with a heavy allowance of corn-and- 

cob meal. Hunt of the Pennsylvania Station* cites the death of 2 calves 
out of 3, fed a ration of 1 lb. of cottonseed meal with 16 lbs. of skim milk. 
Emery of the North Carolina Station** states that 2 calves died follow- 
ing the use of 0.25 to 0.5 lb. of cottonseed meal daily with skim milk. 
Gips* reports the death of 3 out of 8 cattle from eating moldy cotton- 
seed cake. ; 

Cottonseed meal is often fatal to swine. Pigs getting as much as one- 
third of their concentrates in the form of cottonseed meal thrive at first, 
but after 5 or 6 weeks, sometimes earlier, they frequently show derange- 
ment and may die. Restricting the allowance of meal, keeping the ani- 
mals on pasture, supplying succulent feeds, or souring the feed may help, 
but no uniformly successful method of feeding cottonseed meal to swine 

has yet been found. 

Vite BulselOd *Towa Bul. 66. “Penn. Bul. 17. 2N. C. Bul. 109. 

Arch. Wis. u. Prakt. Thierheilk., 14, 1886, p. 74. 
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Numerous efforts have been made during the past 20 years to deter- 

mine the cause of the poisonous effect of cottonseed meal. The harm has 

been variously ascribed to the lint, the oil, the high protein content, to 

a poisonous albumin or alkaloid, to cholin and betaine, to resin present 
in the meal, to decomposition products, and to salts of pyrophosphoric 

acid. Further work shows that the poisonous effects are not due to any 
of these causes. Withers of the North Carolina Station** has recently 
attributed the poisonous quality to some substance which withdraws iron 
from the hemoglobin of the blood, thereby diminishing its power of 
earrying oxygen, which results in death. (88) He has therefore tried 
the effect of adding to the food a soluble iron salt (iron sulfate, or cop- 

peras) as an antidote. In some trials in this country feeding copperas 
has seemed to prevent poisoning, but in other instances pigs have died 

even when fed copperas with the cottonseed meal. 

250. Rational use of cottonseed meal and cake.—Cottonseed meal is 
one of the most valuable of feeds when rationally fed, often being the 

cheapest available source of protein, and thru it, of nitrogen for main- 
taining soil fertility. (485) The amounts which may be safely fed to 

each kind of stock are fully discussed in the respective chapters of Part 
III. The most extensive use of cottonseed meal is by dairymen, for com- 

paratively heavy allowances may be fed to milch cows without harm. 

(596) Fed in large amount, cotton seed or cottonseed meal produces 
hard, tallowy butter, light in color and poor in flavor. A limited quan- 

tity has little effect on the butter and is even helpful with cows whose 
milk produces a soft butter. 

For fattening steers and sheep cottonseed meal, in limited amount, 

is one of the most satisfactory of nitrogenous supplements. (750, 855) 

Great numbers of steers are fattened at the oil-mill factories, often on 
a ration of 6 to 8 lbs. of cottonseed meal with cottonseed hulls or corn 
silage for roughage. Harrington and Adriance at the Texas Station®® 
found that cotton seed produced harder fat than corn, the kidney, caul, 
and body fat of steers fed cotton seed having melting points 4.1°, 3.2°, 

and 8.7° C. higher, respectively, than the corresponding fats of corn- 
fed steers. The effect was even more marked in the ease of sheep. In 
restricted amounts, mixed preferably with bulky feed, cottonseed meal 

has been fed to horses and mules with entire suecess. (490) Altho cotton- 
seed meal is especially poisonous to swine, some feeders, guided by ex- 
perience, use it in small amounts and for short periods with little loss. 
(974) Calves are easily affected by its poisonous properties. (681) 

Cottonseed meal having a dull color due to improper storage, and that 

from musty and fermented seed should never be used for feeding stock. 

Cottonseed meal does not have the beneficial laxative effect of linseed 
meal, but instead is somewhat constipating. Much more care must be 

used in feeding it than in using linseed meal, but when carefully fed in 
proper combination with other feeds as good results may be secured with 

3%N, C. Cir. 5; Jour. Biol. Chem. 14, 1913, pp. 53-58. 5 Tex. Bul. 29. 
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horses, dairy cows, and fattening cattle and sheep as when linseed meal 

is employed. This most nutritious feed, the richest in fertilizing con- 
stituents of all our common feeding stuffs of plant origin, is often spread 
directly on the land as a fertilizer. Obviously, its full value can be real- 

ized only when the meal is first fed to animals and the resulting manure 
apphed to the soil. (486) With increasing knowledge of the usefulness 
of this feed, it is to be hoped that instead of annually exporting one- 
fourth the cottonseed cake and meal produced to other countries, as is 
now done, all will be fed on American farms. 

251. Cottonseed hulls.—Cottonseed hulls, which contain somewhat less 

digestible nutrients than oat straw, are extensively employed in the South 
as roughage for cattle feeding. The hulls are low in crude protein, of 
which but a small part is digestible. With only 0.3 lb. of digestible crude 
protein in 100 lbs. the hulls have the extraordinarily wide nutritive ratio 
of 1: 122, the widest of any common feeding stuff. Obviously they should 
be used with feeds which are rich in protein. Fed with cottonseed meal 
to steers by Willson at the Tennessee Station,*® cottonseed hulls pro- 
duced somewhat lower gains than corn silage, 100 lbs. of hulls replacing 
170 lbs. of corn silage. (772) Because of their low palatability and di- 
gestibility cottonseed hulls are not well suited to dairy cows, corn stover 
having a higher feeding value. (628) 

Cottonseed hulls are usually fuzzy, due to short lint which remains on 

the seed. Sometimes this hnt is removed from the seed at the oil-mills 
for paper making and other purposes and the hulls from such seed 

ground, being then called cottonseed hull bran. Tho finely ground, 
the value of the product is not appreciably greater than that of ordinary 
hulls. 

252. Flax seed.—The average production in the United States of seed 
from the flax plant, Linwm usitatissimum, from 1909 to 1914 was about 

18,847,000 bushels of 56 lbs., over 95 per ct. of which was grown in Min- 
nesota, the Dakotas, and Montana.*’ The reserve building material is 
stored in the flax seed largely as oil and pentosans, instead of as starch, 
which most seeds carry, no starch grains being found in well-matured 

flax seeds. On account of the high commercial value of the oil it con- 
tains, flax seed is rarely used for feeding stock other than calves. (681, 
683 ) 

The oil of the flax seed is either extracted by the ‘‘old process,’’ thru 
crushing and pressure as in the production of cottonseed oil, or it is 
dissolved out of the crushed seed with naphtha, the residue in either case 

being variously termed linseed oil meal, linseed meal, or simply oil meal. 

Pure linseed meal should contain no screenings. In the United States 

nearly all the linseed oil meal is made by the old process. 
According to Woll,?* in the manufacture of new-process oil meal the 

erushed and heated seed is placed in large cylinders or percolators, and 
naphtha poured over the mass. On draining out at the bottom the naph- 

*Tenn. Bul. 104. 37T, S. Dept. Agr. Yearbook, 1914. 8 Wis. Rpt. 1895. 
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tha carries with it the dissolved oil. After repeated extractions steam is 
let into the percolator, and the naphtha remaining is completely driven 

off as vapor, leaving no odor of naphtha on the residue, which is known 
as ‘“‘new-process’’ linseed oil meal. Woll gives the following method of 
ascertaining whether oil meal is new- or old-process: ‘‘Pulverize a small 

quantity of the meal and put a level tablespoonful of it into a tumbler: 
then add 10 tablespoonfuls of boiling hot water to the meal, stir thoroly 

and leave to settle. If the meal is new-process, it will settle in the course 
of an hour and will leave half of the water clear on top.’’ Old-process 
meal will remain jelly-like. Recent investigations have shown that in 

some instances flax seed may contain a compound which, when acted up- 

on by an enzyme in the seeds yields the poison, prussic acid. This enzyme 
is destroyed by the heat to which the ground flax seed is ordinarily sub- 

jected in both the old and the new process of oil extraction. In view of 

this and bearing in mind that linseed meal and cake have been fed on 
vast numbers of farms in this country and abroad with the best of re- 

sults, we may still consider these feeds among the safest and most bene- 
ficial of concentrates. In making gruel or mash from untreated flax seed, 
it is advisable to use boiling water and keep the mass hot an hour or 
two, to destroy any prussic-acid-forming enzyme in the seed. 

253. Old- and new-process 011 meal.—Since the oil is extracted much 
more thoroly from the flax seed by the new process, new-process meal 

carries an average of 3.0 per ct. more crude protein than old-process 
meal, but only about 2.9 per ct. of oil or fat. By artificial digestion trials 
with old- and new-process oil meal Woll*® found that 94 per ct. of the 
erude protein in the old-process and 84 per et. of that in the new-process 
oil meal was digestible. The lower digestibility of the new-process meal 

is doubtless due to the use of steam for driving off the naphtha, since 
cooking lowers the digestibility of many crude protein-rich foods. (83) 
Owing to its higher total crude-protein content the new-process meal, 
however, contains somewhat more digestible crude protein. 

254. Linseed meal as a feedi—There is no more healthful feed for 
limited use with all farm animals than linseed oil cake or oil meal, with 
its rich store of crude protein, slightly laxative oil, and its mucilaginous, 

soothing properties. Its judicious use is soon apparent in the phable 
skin, the sleek, oily coat, and the good handling quality of the flesh of 

animals receiving it. It is therefore most useful as a conditioner for 

run-down animals. A small amount of linseed meal is helpful in the 

rations for horses and dairy cows. (489) Opposite in effect to cottonseed 
meal, linseed meal tends to produce soft butter. (599) Fed to fattening 
cattle, sheep, or swine, the meal regulates the system and helps to ward off 

ill effects from the continued heavy use of concentrates. Rich in protein 
and all the necessary mineral elements, linseed meal is well suited to 

growing animals, ground flax seed or linseed meal being quite generally 
used for calves by progressive dairymen. Owing to its popularity lin- 
seed meal is often expensive compared with other protein-rich feeds and 

* Wis. Rpt. 1895. 
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it is then not economical to employ it as the chief source of protein in 
the ration, but to restrict its use to amounts sufficient to produce the de- 
sired tonic and regulative effects. (753, 855, 973) 

Unfortunately the American farmer usually insists that oil cake be 
ground to a meal. Except where it is desirable to mix the meal thoroly 
with other concentrates, or feed it as a slop to pigs, he should adopt the 
wiser practice of European farmers, who buy oil cake in slab form and 
reduce it in cake mills to the size of hickory nuts or smaller just before 
feeding, or he should purchase the cake which has been ground to nut or 

pea size. In such form this feed is more palatable, and there is no chance 
for adulteration. 

255. Other flax by-products.—Flax feed consists of flax screenings and 
is sometimes sold as such, but more often is used as a component of mixed 
feeds. Its composition and character are uncertain, depending on the 
relative amounts of inferior flax seed, weed seeds, and other refuse, as 

stalks, pods, and leaves present. The material should be avoided unless 

so finely ground as to crush all foul seeds. Since it contains only half 

as much erude protein as linseed meal and often has a decidedly bitter 
taste, due to the weed seeds present, flax feed is rarely economical at 

the prices asked.*® It is sometimes sold as flax flakes, or under the mis- 
leading name “‘linomeal.’’ 

Flax plant by-product, sometimes incorrectly called ‘‘flax bran,’’ is 

that portion of the flax plant remaining after the seed has been sep- 
arated, together with much of the fiber of the stem. It consists of flax 
pods, broken and immature flax seeds, and the bark and other portions 
of the stems. It is seldom sold as such, but is used in certain proprietary 
feeds. Smith of the Massachusetts Station* concludes that such material 
is not worth to the Massachusetts farmer the cost of the freight from the 
states where it is produced. 

Unscreened flax owl-feed, or ‘‘laxo’’ cake meal, is the by-product ob- 
tained in extracting the oil from unscreened flax seed. The value is lower 
than that of linseed meal, depending on the proportion of screenings 
present. 

256. Soybean.—The soybean, Glycine hispida, is one of the most im- 

portant agricultural plants of northern China and Japan. So great is 
the production of this seed, or grain, in Manchuria that in 1908 over 

1,500,000 tons of soybeans were shipped from 3 ports, chiefly to Europe. 
The bean-like seeds of the soybean, which carry from 16 to 21 per ct. 

of oil, are used for human food and for feeding animals. The oil is used 
for human food and in the arts, and the resulting soybean meal, is em- 

ployed as a feed for animals and also for fertilizing the land, the same as 
cottonseed meal. This plant produces the largest yield of seed of any 
legume suited to temperate climates, but at the present time is grown in 
this country chiefly for forage. Soybeans are adapted to the same range 

of climate as corn, early varieties having been developed that ripen seed 
wherever corn will mature. On account of their resistance to drought 

“Mass. Buls. 128, 1382; Vt. Buls. 104, 133, 144. “Mass. Bul. 136. 
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they are especially well suited to light, sandy soils. When grown for seed 

the yield commonly varies from 12 to 40 bushels per acre, equaling corn 
on poor soil in the Gulf states. 

The seeds of the soybean are the richest in crude protein of all the 
various seeds used for feed, besides being rich in oil. Being highly di- 
gestible, they contain nearly as much digestible crude protein and con- 

siderably more digestible fat than linseed meal. Because of the demands 

for seed, soybeans have not yet been extensively employed in this coun- 
try for feeding live stock. For dairy cows soybeans are slightly superior 

to cottonseed meal, but as they cause soft butter they should be fed spar- 

ingly. (600) For fattening cattle soybeans are only slightly inferior to 

cottonseed meal. (754-5) Rich in protein and mineral matter, they are 
well suited to growing animals, equal parts of soybeans and shelled corn 

proving superior for lambs to equal parts of oats and corn in a trial by 
Humphrey and Kleinheinz at the Wisconsin Station.*? (856) Owing to 
their richness in protein, soybeans should always be used in combination 

with carbonaceous concentrates. The seed should be ground for horses 
and eattle, but this is unnecessary for sheep and pigs. In the South pigs 

are often grazed on soybeans when nearly mature, thus saving the har- 
vesting cost. (989) The merits of this plant for forage are discussed in 

Chapter XIV. (358) No other plant so little grown in the United States 
at this time promises so much to agriculture as the soybean, which not 

only yields protein-rich seed and forage but builds up the nitrogen con- 

tent of the soil. 
257. Soybean cake or meal.—The residue after the oil has been extracted 

from soybeans carries as much digestible protein as choice cottonseed 
meal, and but slightly less digestible carbohydrates and fat. During re- 

cent years a considerable amount has been imported to the Pacific Coast 
states from the Orient, for feeding poultry and dairy cattle. In Europe 
the unground cake is used and in this country the meal. Tho high in 
price, soybean meal is greatly,esteemed by western dairymen and is often 

fed in large amounts to cows on official tests. (601) 
258. The Peanut and its by-products.—The peanut, or earth nut, Arachis 

hypogaea, called ‘‘pindar’’ or ‘‘goober’’ in the South, is of growing im- 
portance for stock feeding in the southern states. The underground seeds, 
or nuts, are commonly harvested by turning swine into the fields when 

the seeds are ripe, and allowing them to feed at will. While a heavy 

allowance of peanuts produces soft fat and inferior pork, entirely satis- 

factory ham and bacon are produced when pigs are fed partially on pea- 

nuts. (979) On exposure to the air, shelled peanuts soon become rancid. 
The vines with the nuts attached may be gathered and cured into a nu- 

tritious, palatable hay useful with all kinds of farm stock. The use of 
this plant for stock feeding should be vastly extended thruout the South. 

362) 
Peanut meal or cake, the by-product resulting from the manufacture 

of oil from the peanut, is a common feed in Europe where it has given 

“Wis. Rpt. 1905. 
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good results with all classes of stock.** Meal from hulled peanuts con- 
tains over 47 per ct. crude protein, and is thus more valuable than choice 
cottonseed meal. But little peanut meal is sold in the United States and 

that which is sold is chiefly from unhulled nuts, containing about 28 per 

et. crude protein and 23 per ct. fiber. 
Peanut hulls, which accumulate in great quantities at the factories, are 

sometimes ground and used for adulterating feeding stuffs. This ma- 
terial, sometimes wrongly called ‘‘peanut bran,’’ is over half fiber and 

less valuable than common straw. 
259. Sunflower seed and oil cake, Helianthus annwus.—The sunflower 

is grown in Russia on a commercial scale, one variety with small seeds pro- 

ducing an oil which serves as a substitute for other vegetable oils. The 
large seeds of another variety are consumed as a dainty by the people. 
Tests of sunflowers in 5 sections of North Carolina** showed an average 
yield of 65 bushels of seed per acre, carrying about 21 per ct. oil. In 
plot tests covering 15 years at the Ontario Agricultural College, Zavitz*® 

obtained an average yield per acre of 72.8 bushels of sunflower seed, 

weighing 20 lbs. per bushel. Despite these large yields, corn produced 
about as much digestible crude protein and over twice as much total di- 
gestible nutrients per acre in grain alone, without considering the value 
of the stover. Sunflowers proved hardy and produced good returns when 
many other crops failed. 

Oil eake from sunflower seed has proved a satisfactory feed for all 
kinds of stock in Europe. Cake from well-hulled seed contains about 
as much erude protein as linseed meal, but has somewhat more fiber. 
(603) 

260. Cocoanut meal_—The residue in the manufacture of oil from the 
cocoanut, Cocos nucifera, known as cocoanut meal, is lower in crude pro- 
tein than the oil meals previously discussed but it contains somewhat 
more crude protein than wheat bran and much more fat and has a higher 
feeding value. It is used to some extent by dairymen in the Pacifie Coast 
states and produces butter of good quality and firmness. therefore being 
well adapted for summer feeding. (602) European experience shows 
that cocoanut meal may be fed with success to horses, sheep, and swine. 
(491) On account of its tendency to turn rancid it can be kept but a 
few weeks in warm weather. 

V. OIL-FREE LEGUMINOUS SEEDS 

261. The Canada field pea, Pisum sativwm.—The common field or Can- 

ada pea succeeds best where the spring and summer heat is moderate, as 

in Canada, the northern states, and in several of the larger Rocky Moun- 

tain valleys. No other widely known grain plant of equal possibilities 

has been so generally neglected by the farmers of the northern United 

States. Zavitz*® of the Ontario Agricultural College reports an average 

Pott, Ernahr. u. Futter., III, 1909, pp. 82-96. *Ont. Agr. Col. Rpt. 1913. 
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yield of 30 bushels per acre for 8 varieties of field peas in plot tests cov- 

ering 14 years. 
The field pea grain contains twice as much crude protein as the ce- 

reals and is high in phosphorus and potash. Combined with corn, peas 

may form as much as one-half the concentrates for dairy cows. They are 
relished by horses, and are eminently suitable for sheep and lamb feed- 

ing, their culture forming the basis for an important sheep-feeding 
industry in Colorado. (856) Peas, wheat bran, and corn form an excel- 

lent ration for brood sows and growing swine, proving especially useful 
in building the body framework and preparing the animals for fatten- 

ing. (975, 1013) 

262. Cowpea, Vigna catjang.—The cowpea, a bean-like plant from 
India and China, now holds an important place in southern agricul- 

ture because of its large yield of forage. The early varieties grow well 
as far north as New Jersey and Illinois. The seed pods of the cowpea 
ripen unevenly, necessitating hand gathering. For this reason the crop 

is mostly used for hay, silage, and grazing. (857) In composition the 

cowpea seed is similar to the field pea, with only about 4 per et. fiber. Suc- 
cessful trials are reported in which cowpeas formed a part of the ration 

for horses, fattening steers, and pigs. (755, 978) In the South cowpea 
vines carrying ripe seed furnish one of the best grazing crops for pigs. 

263. The common field bean, Phaseolus vulgaris —Many varieties of the 
common field bean are grown in this country for human food. Beans 

damaged by wet are used for animal feeding. Shaw and Anderson of the 
Michigan Station* estimate the cull beans of Michigan at about 100,000 
bushels annually. Cull beans are fed whole in large quantities to 

sheep, producing a solid flesh of good quality. For swine, beans should 
be cooked in salted water and fed in combination with corn, barley, ete.; 

fed alone they produce soft pork and lard with a low melting point. 
(976) 

264. Horse bean, Vicia faba.—The horse bean is used in England for 
feeding stock, especially horses. This legume grows fairly well in some 

parts of Canada, but has never proved a success in the United States. 
(485) 

“Mich. Bul. 243. 



CHAPTER XI 
MISCELLANEOUS CONCENTRATES—FEEDING STUFFS CON- 

TROL—CONDIMENTAL FOODS 

I. Cow’s MILK AND ITs By-PpRoDUCTS 

As we have seen (115), milk contains an adequate supply of all the 
nutrients necessary to sustain the life of young animals. Milk and dairy 

by-products are almost wholly digestible and thus have high feeding 

value, considering the amount of dry matter they contain. Furthermore, 

the proteins of milk, which are well balanced in composition, have a 
greater efficiency for growth than those of any of the grains. (118) 

265. Whole milk.—On account of the value of whole cow’s milk, it is 

rarely fed to stock, except to calves for the first 4 to 6 weeks after birth. 
(679) One should not hesitate to employ whole milk when needed in 
rearing an orphan foal or lamb (521, 891), and young stock being pre- 

pared for exhibition can be forced ahead rapidly by its judicious use. 
Whole milk usually contains from 2 to 3 per et. of casein, 0.4 to 0.9 

per ct. albumin and traces of other proteins. It carries from 4 to 5 
per et. of milk sugar, which is only slightly sweet, is much less soluble 
than cane sugar, and has about the same feeding value as starch. When 

milk sours, some of the sugar is changed to lactic acid, which curdles the 

easein. This fermentation ceases when about 0.8 per ct. of acid has de- 

veloped, so that in sour milk usually most of the sugar is still unchanged. 
As is shown later (551-5), the percentage of fat varies widely depending 
on individuality, breed, and the portion of the milk drawn, the strippings 
often containing 10 times as much fat as the first-drawn milk. 

266. Skim milk.—Because of the protein and ash it carries, skim milk 

is of high value for building the muscles and bony framework of young 
animals. Skim milk from centrifugal separators contains about 3.8 per 
et. erude protein, 5.2 per ct. nitrogen-free extract, which in sweet milk 
is practically all milk sugar, and 0.1 to 0.2 per ct. fat. It is thus a highly 
nitrogenous feed, having a nutritive ratio of 1: 1.5, and should hence be 
supplemented by carbonaceous concentrates. Skim milk is of the great- 
est use for feeding young animals when it comes sweet and yet warm 
from the farm separator. 

The experiments of Beach, already described (117), show that with 
calves, lambs, and pigs, skim milk is more valuable per pound of dry 
matter than is whole milk rich in fat. Dairymen have found that with 

care and judgment they can raise just as thrifty calves when whole milk 
is gradually replaced by skim milk during the first 4 to 5 weeks, only 
skim milk being given thereafter, as when the supply of expensive whole 
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milk is continued longer. (678-94) For swine of all ages, and especially 

for young pigs, skim milk is unsurpassed as a supplement to the car- 

bonaceous grains. (957-60) For these animals, from 500 to 600 lbs. of 

skim milk, properly combined with concentrates, has a value equal to 

100 lbs. of grain. This dairy by-product is also excellent for foals which 

do not secure enough milk from their mothers, and for poultry. (521) 
When other animals are not available to consume all the milk it may be 
profitably fed to horses. (607) 

267. Buttermilk.—This by-product differs little from skim milk in 
composition, tho usually somewhat richer in fat. Trials have shown 
that it has substantially the same value as skim milk for pigs. (962) 
Some feeders use buttermilk successfully in rearing calves, especially 
after they are well started in growth. The effort will probably end in 

failure, however, unless the calves are gradually accustomed to it, and 

extreme cleanliness is practiced. (695) In eastern Prussia and in Hol- 
stein-Friesia suckling foals are fed buttermilk.t Creameries often dilute 
buttermilk with water, thereby reducing its value. If allowed to fer- 
ment in dirty tanks it is a dangerous feed. 

268. Whey.—In the manufacture of cheese practically all the casein 
and most of the fat go into the cheese, leaving in the whey the milk 

sugar, the albumin, and a large part of the ash. Whey is more watery 

in composition than skim milk, containing only about 6.6 per ct. dry 
matter. It contains about 4.8 per ct. milk sugar and 0.3 per ct. fat, 
with only 0.8 per et. protein, the nutritive ratio being 1: 6.8, much wider 
than that of skim milk. Unlike skim milk and buttermilk, whey should 

therefore be fed with protein-rich feeds. Skimmed whey will have its 
value correspondingly reduced. Whey is usually fed to pigs, for which 
it has about half the value of skim milk. (963) At the Ontario Agri- 

cultural College,? Day secured as good results with whey, somewhat 
soured, aS with sweet whey. The feeder should not conclude from this 
that decomposing whey held in filthy vessels is a suitable feed for stock. 
Whey at best is a poor feed for calves and can be successfully used only 
with the utmost care and when fed as fresh as possible. (587) 

269. Spreading disease thru dairy by-products.—Since milk from differ- 
ent farms is mixed at the creamery and cheese factory, the germs of 

bovine tuberculosis and other diseases may be widely spread from a dis- 

eased herd in the skim milk, buttermilk, or whey. The readiness with 

which such infection may occur is shown by a trial of Kennedy, Robbins, 
and Bouska at the Iowa Station.* Forty pigs, believed to be free from 

tuberculosis, were divided into 4 lots. Two lots were kept on separate 
pastures and 2 in dry yards. Corn and creamery skim milk which had 
been pasteurized to destroy all disease germs were fed to all alike. The 
milk of one lot on pasture and one lot in the yard was, before feeding, 

infected with the germs of tuberculosis. When the pigs were slaughtered 
at the end of 196 days it was found that all that had been fed on infected 

‘Pott, Ernihr. u. Futter., III, 1909, p. 475. ‘Towa Bul. 92. 
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milk, 20 in number, were tuberculous. Of those not given infected milk, 
2 proved tuberculous and 18 were free from the disease. 

Since the germs of tuberculosis are killed by pasteurizing the milk at 
a temperature of 180° F., this simple precaution will remove danger 
from this source. The pasteurized product also keeps better and is less 
likely to produce scours. This practice is likewise advantageous to the 
factories, for the milk cans may be more readily kept in good condition 
and the quality of the milk delivered at the factory will thereby be im- 

proved. Careful farmers should insist that skim milk, buttermilk, and 
whey be thoroly pasteurized at the factory, a practice required by law in 

Denmark and followed by many creameries in this country. (957) 

Ii. Packinc Housr By-propucts 

The packing houses now furnish to the feeder great quantities of by- 
products, including tankage, meat meal, or meat scrap, dried blood, and 

meat-and-bone meal. These are usually extremely rich in protein which 

is well balanced in composition and highly digestible. Most of them are 
also rich in lime and phosphorie acid, since they contain more or less 
bone. When fed in proper combination with other feeds, animals rarely 
object to these by-products. Owing to the high prices which these con- 
eentrated feeds command, the feeder should understand their nature and 

how they must be fed to secure the best returns. 

270. Tankage, meat meal, or meat scrap.—At the packing plants the 

fresh meat scraps, fat trimmings, and scrap bones are thoroly cooked in 
steel tanks by steam under pressure, which separates the fat. After the 
steam has been turned off and the mass has settled, the fat, which is yet 
liquid, is drawn off. The residue is then dried, being agitated mean- 
while, and after cooling is ground to a fine meal. The resultant product, 
sold as tankage, meat meal, or meat scrap, contains from 40 to 60 per 

et. or more of crude protein and from 1 to 10 per ect. of fat. The vari- 
ation in content of crude protein is due principally to differences in the 
amount.of bone present. Owing to the wide range in crude protein, and 

fat content, these feeds should always be purchased on guarantee of com- 
position. Commonly the value will depend on the percentage of pro- 
tein, for in case an additional supply of lime and phosphoric acid is 

needed, it may be furnished cheaply in ground rock phosphate. (100) 
Since tankage and meat meal are in part produced from the carcasses of 

diseased animals, the question arises whether they may not carry disease 

to animals fed on them. Mohler and Washburn,* who have studied the 

matter, write: ‘‘As tankage is thoroly steam-cooked under pressure it 
comes out a sterilized product, and owing to its dryness there is little dan- 

ger of infection.’’ None of the many stations that have fed tankage have 
reported any trouble of such nature. These by-products are generally fed 
to swine and poultry, ranking next to skim milk and buttermilk as nitrog- 
enous supplements for these animals. (964-7) Mixed with other feeds, 

4U. S. Dept. Agr., Bur. Anim. Indus., Cir. 144. 
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they may be fed to horses, cattle, or sheep. (491, 608, 856) When tank- 

age, or meat meal, contains a large amount of bone it should be termed 
meat-and-bone meal. This product is used chiefly for feeding poultry. 

271. Blood meal.—Blood meal, also called blood flour or dried blood, 
is the richest in protein of all the packing house by-products, usually 
carrying over 80 per et. crude protein. As it contains no bone it is low 

in ash compared with tankage. Dried blood is particularly useful with 
young pigs and calves, as a skim milk substitute or for sickly animals. 

(968, 684) Its usual high price stands in the way of its common use 
for other animals. Lindsey® of the Massachusetts Station found that 1 

to 2 Ibs. of dried blood per head daily mixed with other concentrates 
was satisfactory for dairy cows. (608) It has also been fed with success 

to horses and sheep. (491, 856) 
272. Dried fish; fish meal Along the coasts of Europe the waste parts 

of fish, as well as entire fishes not used for human food, are fed in dried 
form to animals. Speir of Seotland® reports no bad influence on milk 

when reasonable quantities of dried fish are fed to dairy cows. Nilson’ 

found that 80 parts of herring cake could replace 100 parts of linseed 
cake for cows. The better grades of dried fish meal, which resemble 
meat meal in composition, should be used for feeding farm animals. (608) 

273. Bone meal.—Where rations are deficient in lime and phosphoric 
acid, needed in especially large amounts by growing animals and those 

producing milk (119, 150), these mineral constituents may be supplied 

in the form of bone meal, also called ground bone. Ground rock phos- 
phate is, however, usually a cheaper and probably just as effective a 

mineral supplement. 

III. Sugar Factory By-propucts 

In the manufacture of beet sugar, which constitutes over 70 per ct. of 
the sugar now manufactured in this country, the sugar beets are first 

washed and then cut into long V-shaped strips. The juice is extracted 
from these strips by means of warm water, leaving the by-product 

known as wet beet pulp. The juice is next purified by means of lime 

and in some eases also by sulphur dioxid, and evaporated under reduced 

pressure until the sugar crystallizes. The grains of sugar are then sep- 
arated from the residual molasses by centrifugal force. 

274. Wet beet pulp—The watery pulp after being pressed until it con- 

tains about 10 per ect. of solids, is fed fresh or is ensiled. Care must be 
taken in feeding fresh pulp, as it spoils rapidly on exposure to the air. 
Most of the pulp is therefore fed as soured or ensiled pulp. When fed 
near the factories the pulp is dumped into large, shallow, well-drained 
pits or trenches, or into huge tank-like silos built chiefly above ground. 

'Mass. Rpt. 1909, Part II, p. 157. 
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A more wasteful method is to pile the pulp in large heaps, when the out- 
side layer on rotting will protect the interior from the air. On farms the 
pulp may be stored in ordinary silos or placed in pits, either with or 
without alternate layers of beet leaves, the mass, which may extend sevy- 

_ eral feet above ground, being covered with straw and earth to keep out 
frost. Maercker* found that rather more than one-fourth of the to- 
tal nutrients of the pulp were lost in the fermentations which take place 
when it isensiled. Such heavy losses teach that, where possible, the pulp 
should be dried. 

Tho carrying only 1 to 2 per ct. of sugar, wet beet pulp contains con- 
siderable of other easily digested carbohydrates, and per pound of dry 
matter is equal to roots in feeding value. Like roots, this watery ma- 
terial should be fed with dry feeds. Most of the mineral matter is 
extracted from the beets along with the sugar, and hence the pulp is 
low in these constituents. When heavy allowances of pulp are fed it 
is therefore well to see that the animals are supplied with sufficient lime 
and phosphoric acid. Pulp is also low in crude protein, but fortunately 
it is commonly fed with legume hay, which is high in both protein and 
mineral matter. 

Steers are annually fattened by thousands and sheep by ten-thousands 
on wet, soured, beet pulp at the western beet-sugar factories. Carlyle 
and Griffith of the Colorado Station* found 1 ton of wet beet pulp equal 
to 220 lbs. of corn or 620 lbs. of alfalfa hay for fattening steers. (746) 
Griffin of the same station reports that 1 ton of pulp has about the same 
value as 200 lbs. of corn for fattening lambs. (871) The wet pulp is 
relished by dairy cows and, fed in not too large amount, produces a good 
flavored milk. (643) It may also be fed to idle horses. (512) © 

275. Dried beet pulp—Owing to the high prices of concentrates and 
; the favor with which dried beet pulp has been received by stockmen, 
| many factories have been equipped with facilities for thus preserving 

the pulp. Shaw of the Michigan Station** found that dried beet pulp 
compared favorably with corn meal for fattening sheep and steers. It 
produced larger gains with growing animals, while corn meal put on 
more rapid gains with fattening animals nearing the finishing period 
(747, 854) In the Scandinavian feed-unit system the value of dried 
beet pulp for dairy cows is rated 10 per ct. below corn or barley. (585) 

As dried beet pulp absorbs a great deal of water, when a heavy allow- 
ance is fed it is advisable to moisten it with 2 to 3 times its weight of 
water before feeding*? Tho moistened dried beet pulp may be employed 
as a substitute for corn silage, at the usual prices the latter is the more 
economical form of succulence for those who can raise most of their own 
feed. Breeders of pure-bred dairy stock recommend dried beet pulp for 
cows on official test which are receiving heavy concentrate allowances. 

*U.S. Dept. Agr.. Bur. Chem. Bul. 52. 

"Colo. Bul 102. “Mich Buls. 220, 247. 

“Lindsey, Mass. Rpt 1910, Part 0, p. 24 
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as it has a tendency to keep the bowels open and is not apt to cause di- 

gestive disturbances.** 

276. Beet molasses.—The molasses from beet sugar factories is a valu- 

able carbonaceous feed when properly fed, as it contains about 66 per 

et. of nitrogen-free extract, which is nearly all sugar. The crude pro- 
tein of both beet and cane molasses consists largely of compounds having 

little nutritive value. 
When fed in too large amounts it is very laxative on account of its 

high content of alkaline salts and of their purgative substances. In the 
beet sugar districts the molasses is usually a cheap source of carbohy- 

drates, its value per ton being rated at three-fourths that of corn. Due 
to its sticky nature, the molasses, either undiluted or thinned with water, 

is usually distributed over hay or straw, while large feeders use machines 

for mixing the molasses with cut roughage. Animals should gradually 
become accustomed to the molasses and care must be taken not to feed 
too large an allowance. 

The maximum amounts of molasses advised by various authorities for 
animals accustomed to the feed are as follows, per 1,000 Ibs. live weight: 
Driving horses, 2.5 lbs., and up to 4 lbs. or even more for draft horses ; 
dairy cows, 2.5 to 3 Ibs.; fattening cattle, 4 to 8 lbs.; fattening sheep, 3 
to 5 lbs.; and fattening swine, 5 to 10 lbs. (483, 748, 854) Breeding ani- 
mals should be given smaller allowances than those being fattened, and 

the amount should be materially reduced 6 weeks before delivery. Beet 
molasses is extensively used in various mixed feeds, described later. (280) 

277. Molasses-beet pulp.—Beet molasses is sometimes combined with 
beet pulp and dried, forming dried molasses-beet pulp. This feed is 
somewhat more palatable and digestible than the ordinary dried pulp 
and has equal or slightly higher feeding value. (586, 854) 

278. Beet tops—At harvest an acre of sugar beets will usually yield 
about 4 tons of fresh leaves and 1 ton of the severed upper portion of 
the roots. The leaves have about half the feeding value of the roots. 

These tops, freed from soil as much as possible by shaking, may be fed 
fresh or ensiled. As fresh or ensiled leaves tend to purge the animals, 

they should always be fed in a limited way with such dried roughages as 

corn stover, straw, or hay. When large allowances of leaves are fed, 
Kellner advises giving about 3 ounces of chalk or ground limestone to 

every 100 lbs. of leaves, to counteract the effect of the oxalic acid which 

the leaves contain, and which may otherwise be injurious.‘%* The tops 
may be ensiled in pits or silos in alternate layers with straw or may be 
mixed with cut dry corn fodder or stover. (409) German farmers add 
7 lbs. of salt to each ton of leaves as they are ensiled."* 

279. Cane molasses.—Cane molasses, or blackstrap, the by-product of 

the manufacture of cane sugar, is palatable and much relished by farm 

animals. When fed in large amounts it does not have the purgative 

“Smith and Beals, Mass. Bul. 146. 

BArnahr. landw. Nutztiere, 1907, p. 307. 

“Ware, Cattle Feeding with Sugar Beets, Sugar, and Molasses, etc. 
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effect of beet molasses, but tends to be costive in its action. It contains 
about the same amount of nitrogen-free extract as beet molasses. Tho 
the nitrogen-free extract of both cane and beet molasses is really all di- 
gestible, when molasses is fed with other feeding stuffs a depression of 
the digestibility of the basal ration occurs, as has been explained before 
(84), due to the large amount of soluble carbohydrates (sugars) it con- 

tains. Taking this into consideration, the digestibility of the nitrogen- 
free extract of cane molasses is reckoned at 90 per ct. 

In the southern states cane molasses is often a cheap source of carbo- 

hydrates and is fed extensively on the sugar plantations to horses, mules, 

and other animals. (482) On account of the high price at which molasses 
is usually sold in the North, Lindsey of the Massachusetts Station econ- 
cludes, after several years study, that no advantage is to be gained by 

northern farmers from the use of molasses in place of corn meal and 

similar feeds. For facilitating the disposal of unpalatable and inferior 
roughage, as a tonic for horses and cows out of condition, and as a colic 
preventive for horses (482), from 2 to 3 lbs. of molasses per head daily 
is helpful. He states that a daily allowance of 3 lbs. of molasses per 
head may be advantageously fed to fattening steers, especially during 

the finishing period, when the appetite is fickle. (748) Like beet mo- 
lasses, blackstrap is commonly mixed with other feeds. 

280. Molasses feeds—Cane and beet molasses are now extensively used 
in the manufacture of the many molasses feeds, which consist of mo- 
lasses combined with a wide range of products, all the way from high- 
protein concentrates, such as cottonseed meal, to milling offal, such as 
screenings, oat hulls, rice hulls, peanut hulls, ete. Many of the early 
molasses feeds contained a multitude of live weed seeds, were poor in 
mechanical condition, and did not keep well on account of excessive 
moisture. Often entirely unwarranted statements were made in adver- 

tising these feeds. The conditions have now improved, and where screen- 
ings are present they usually have been finely ground to destroy all 

weed seeds. Because of the widely differing materials used in these feeds 
their value varies greatly. If sold at prices which are reasonable com- 
pared with the cost of equal amounts of nutriment in the straight con- 
centrates, nothing can be said against the use of the reliable feeds of this 
class, for they are well liked by stock. (483) However, deception is easy 
in these feeds, because the molasses masks the other ingredients so that 
inspection does not always show of what the feed consists. Molasses feeds 
should hence be purchased only from reliable dealers and on definite 
guarantees of composition and of freedom from live weed seeds. The 
state feed-control officials should be consulted in case of doubt as to the 
value of any molasses feed. 

Molassine meal, which has been manufactured for several years in 
Europe and has recently come upon the markets in the United States. 
consists of molasses absorbed by sphagnum moss or peat. Kellner and 
Pfeiffer have shown*® that peat has no nutritive value for farm animals. 

Kellner, Ernahr. landw. Nutztiere, 1907, p. 369. 
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and the undecomposed moss ean likewise have but small worth, tho are- 
tic life subsists on it to some extent. Practically the only nutriment 

in this feed is in the molasses it contains, and at the prices usually asked, 

molasses can be purchased much cheaper alone than in molassine meal. 
Hills'® found the molasses in a ton of this meal worth only $25, while 

the feed sold for $39 per ton. Lindsey and Smith" of the Massachusetts 

Station found molassine meal decidedly inferior to corn meal for cows. 
281. Sugar.—Tho the nutritive value of sugar is no greater than that 

of an equal weight of starch, the great fondness for it shown by farm 

animals makes it helpful in some eases for stimulating the appetite. (484) 

A small allowance is often used in fitting animals for shows. Owing to 
heavy internal taxes laid upon sugar for human consumption in France 

and Germany, it is sometimes denatured by mixing with it vermouth 

powder, lamp black, salt, peat, ete., after which it is used for feeding 

to animals. 
282. Dried distillers’ grains—In the manufacture of alcohol and dis- 

tilled liquors from cereals, the corn, rye, ete., after being ground, are 

treated with a solution of malt to convert the starch into sugar, which 

is next converted into alcohol by the action of yeast. This is distilled 
off, leaving a watery residue, known as distillers’ slops, or slump. For- 

merly the slump was fed to fattening steers at the distillery; now the 

solid matter is usually strained out and dried in vacuum, forming dried 

distillers’ grains, or distillers’ dried grains, which are sold as such or 
under various proprietary names. This by-product consists of the por- 
tions of the grains not acted upon during the fermentation process, i.e., 

the crude protein, fiber, fat, and the more insoluble part of the nitrogen- / 
free extract. Distillers’ grains from corn contain from 28 to 32 per ot. 
crude protein and are about equal to gluten feed in feeding value. Dried 

grains chiefly from rye are of considerably lower value, carrying only 

about 23 per ect. protein. Not being especially palatable, distillers’ grains 

should be mixed with other concentrates. This rather bulky feed is one 
of the best high-protein concentrates for dairy cows, from 2 to 4 Ibs. 
per head daily being usually fed. (605) Distillers’ grains may also 

be used with good results as part of the ration for fattening steers and 

sheep. (758, 856) <A large allowance of the grains is usually not rel- 

ished by horses, but they may constitute one-fourth the concentrate 

allowance for these animals. (491) On account of their bulkiness they 
should not be fed in large amounts to pigs. (981) 

283. Acorns.—In some portions of the South and in California, acorns, 
the fruit, or nut, of the oak, Quercus spp., are of importance in swine 
feeding, the pigs usually being allowed to forage upon the scattered nuts. 

Carver of the Tuskegee, Alabama, Station'® reports the successful feed- 

ing of acorns and kitchen slop to 400 pigs, allowing about 5 Ibs. of acorns 

to each pig daily. Carver states that acorns produced a soft, spongy 

flesh and an oily lard, but this was doubtless due fully as much to the 

Vt. Bul. 171, Mass. Bul. 158. ’Ala. (Tuskegee) Bul. 1. 
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slop fed, as German investigators report that acorns produce pork of 
good quality. Acorns may be used in limited amounts for other stock. 

Cases of poisoning have been reported where animals ate damaged acorns 
or consumed an undue amount. 

284. Cocoa shells.—This by-product of the manufacture of cocoa and 
chocolate consists of the hard outside coating, or bran, of the cocoa bean. 
These shells, which are dark brown and brittle, are used in a few pro- 
prietary feeds. Only 15 to 18 per et. of the erude protein in this material 
is digestible. According to Kellner’ cocoa shells have no more feeding 
value than straw. Lindsey and Smith found a lot tested at the Massa- 
chusetts Station’? somewhat more digestible, but do not consider the 
shells worth more than half as much as corn meal. 

285. Proprietary and mixed feeds.—There are now on the market a 
host of mixed feeds, chiefly sold under proprietary names. Widely 

different ingredients enter into the composition of these articles. In 
some only such high-grade concentrates as cottonseed meal, wheat bran, 
malt sprouts, gluten feed, dried distillers’ grains, etc., are combined. 

Others contain varying amounts of screenings, or light grains of wheat, 
barley, or oats, which will in general have a lower value than good qual- 
ity grain from the same cereals. The larger number contain more or 
less of such low-grade by-products as oat hulls, ground corn cobs, flax 
plant by-product, ete. Several states now require that the ingredients 
in any feed be stated on the sack or package. Tho the manufacturers 

of most of these feeds maintain the amount of crude protein, fat, and 
fiber in each brand at about the same figures from month to month, but 
few guarantee the amount of the separate ingredients, such as malt 

sprouts, or screenings, that the feed contains. Owing to this inability 
to know that a sample of the feed secured today will represent the feed 
put on the market next year under the same name, the experiment sta- 

tions have conducted practically no trials to determine the values of 
these mixtures. For this reason and because of the great number of 
these feeds, the composition of proprietary mixed feeds is not shown in 
Appendix Tables I and ITI. 

Many mixed feeds are the result of honest and intelligent effort to 
furnish a ready-mixed ‘‘halanced’’ concentrate mixture for dairy cows, 
horses, or cattle, as the case may be, and have won good reputations 

among intelligent feeders. Others are merely attempts to delude the 
purchaser into paying as high a price for a feed bearing a ‘‘fancy’’ 
name but consisting largely of low-grade materials as he would pay for 
high-class concentrates. Mixed feeds should therefore be purchased only 
when they are the product of reliable manufacturers, and especial atten- 
tion should be paid to the guarantee of crude protein, fat, and fiber. On 
comparing the fiber guarantee with the fiber content of well-known un- 
mixed concentrates, as given in Appendix Table IJ, the purchaser will 

be able to judge to what extent such low-grade by-products as oat hulls 

YHrnahr. landw. Nutztiere, 1907, p. 214. *Mass. Bul. 158. 
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and corn cobs have been added. As has been pointed out (208, 224), 
such bulky materials, high in fiber, furnish but little nutriment, tho they 
may be helpful in adding bulk to the mixture. Before buying, the wise 
feeder will compare the amount of nutrients he can secure for a given 
sum in different mixed feeds and in the unmixed standard by-products. 

IV. CoMMERcIAL FEEDING StuFFs CoNTROL 

As has been pointed out in the previous chapters, it is often impossible 
for the feeder to tell from the appearance of a commercial feeding stuff 
whether it is of standard quality or has been adulterated. The enact- 
ment of laws has therefore been necessary to protect honest manufactur- 
ers and dealers, as well as the users of commercial feeds. 

286. State and national regulation—Laws have now been passed by 

the Federal Government and by many of the states which in general 
require that each package of concentrated feed bear a label, tag, or state- 

ment giving the percentages of crude protein and fat the feed contains. 
An increasing number of states are wisely requiring that the maximum 
percentage of fiber be also guaranteed. In others, each ingredient in all 
mixed feeds must be stated. From time to time the officials en- 

trusted with feed supervision issue bulletins setting forth the results 
of examinations, analyses, ete. Those interested should consult the bulle- 

tins, and aid and support the officers in the administration of the laws. 
Users of purchased feeds in large quantity are generally experienced 

and buy only the better grades of standard feeding stuffs at close prices, 
or secure such materials as screenings, ete., at low prices, fully under- 

standing their composition and relative value. The small buyer, often 
feeling the pinch of poverty, too frequently is looking for something 
that sells for less than is demanded for standard goods, and so is the 
more easily caught by the low-grade, trashy articles often bearing 

catchy, high-sounding names. Low-grade feeding stuffs, no matter what 
their names, are almost sure to bring hardship to the animals that are 

fed on them, and to the owners of such animals as well. Such feeds are 
really more like roughages than concentrates and roughage can be pro- 

duced on most farms far more economically than it can be purchased 
in bags from the feed dealer. Whenever one is in doubt as to what to 
buy, he should consult the feed control officials of his state or purchase 
only the pure unmixed grains, straight milling or factory by-products, 
or proprietary feeds of high grade that have won a good reputation. 

287. Examples of feed adulteration.—Since the feed-control work has 
been carried on the instances of adulterated and misbranded feeds are 
becoming less frequent. The following will illustrate the fraud some- 
times still attempted by unserupulous manufacturers and dealers. In 
Tennessee the United States Department of Agriculture*! seized a ship- 
ment labeled ‘‘Mixed Wheat Middlings, from Pure Wheat Bran and 

“Notices of Judgment, 66, 67—Food and Drugs Act. 
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Ground Corn,’’ which consisted of bran and ground corn cobs. Woll 
and Olson of the Wisconsin Station,?? examining a carload of so-called 
wheat bran shipped into Wisconsin, found that each pound of the whole 

earload contained on an average 28,000 pigeon-grass seeds, 16,000 wild 

buckwheat seeds, 5,000 pigweed seeds, and many seeds of other kinds. 

Beach of the Vermont Station,?* examining 18 brands of molasses and 
flax feeds offered for sale in his state, found from 1,150 to 131,000 weed 
seeds in each pound of such feeds. In one case it was estimated that 
there were 129 million weed seeds, weighing 400 lbs., in a ton of one of 

these feeds. Beach found that 2 to 13 per ct. of these seeds would grow 
after having passed thru the cow. 

288. A guide in purchasing commercial feeds—In purchasing com- 
mercial feeding stuffs the guaranteed composition should be ascertained 

and compared with the average composition given for the same feed 
in Appendix Table I. If the feed is markedly lower in erude protein 
or fat, or is noticeably higher in erude fiber than there shown, it should 
be viewed with suspicion. Care should also be taken that the feed is 
fresh, free from mold and raneidity, and that it corresponds in appear- 
ance with the descriptions given in the preceding chapters. 

V. CONDIMENTAL OR Stock Foops 

9) 66 ye) (516 
Proprietary articles styled ‘‘stock foods, seed meals, condition 

powders,’’ ete., costing from 10 to 30 cents or more per pound, are ex- 
tensively advertised and sold to American farmers. Woll of the Wis- 
consin Station,** after ascertaining the amount of stock foods sold in 
1906 in three counties in Wisconsin, estimated that the farmers of that 

state paid annually about $300,000 for 1,500 tons of such material. 

Michel and Buckman of the Iowa Station*® estimate that Iowa farmers 
paid $190,000 for stock foods in 1904. 

289. Composition of stock foods.—The better class of stock foods have 
for their basis such substances as linseed meal or wheat middlings, while 

the cheaper ones contain ground screenings, low-grade milling offal, the 
ground bark of trees, ete. To this “‘filling’’ is added a small percentage 
of such materials as common salt, charcoal, copperas, fenugreek, gentian, 

pepper, epsom salts, ete., with or without tumeric, iron oxid, etc., for 
coloring. The stockman is told that a tablespoonful of the compound 
with each feed will cause his stock to grow faster, fatten quicker, give 
richer milk, ete., ete. Yet this amount will supply only an insignificant 

part of the dose of these drugs which is prescribed for animals by com- 
petent veterinarians. Tests of many of these stock foods by the experi- 
ment stations support the view of Sir John Lawes, the world’s greatest 
investigator in scientific and practical agriculture, who, after carefully 
testing the stock foods then being sold in England wrote :*° ‘‘In con- 

 2Wis. Bul. 97. Vt. Buls. 131, 133, 138. Wis. Bul. 151. Iowa Bul. 87. 
Rothamsted Memoirs, Vol. II. 
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clusion, I feel bound to say that I require much clearer evidence than 

any that has hitherto been adduced, to satisfy me that the balance-sheet 

of my farm would present a more satisfactory result at the end of the 
year, were I to give each horse, ox, sheep, and pig, a daily allowance of 

one of these costly foods.’’ (928) 

Farm animals managed with reasonable care have appetites which do 
not need stimulating. Sick animals or those out of condition should 

receive specific treatment rather than be given some cure-all. <A good 
manager of live stock has no use for high-priced stock foods or con- 
dition powders, and a poor manager will never have fine stock by em- 

ploying them. In rare cases the available feeding stuffs may be of such 

poor quality that some condiment may cause the animal to eat more 
heartily, and where animals are in low condition and without appetite 
some spice may prove helpful. To cover such rare cases the formule 

for three ‘‘stock foods’’ or ‘‘spices’’ are presented. 

First formula Lbs. Second formula Lbs Third formula Lbs. 

Fenugreek........... 2 Powdered gentian.. 8 Ground gentian..... 4 
IATISDILCE His eitecstatinar ae cued G@incehaee eee 8 Powdered saltpeter... 1 
Gentian. ace aes 4 Fenugreek........ 8 Ground ginger...... 1 
A Ge Sear seen eee 5 Powdered sulfur... 8 Powdered copperas... 1 
Saltpeter............ 5 Potassium nitrate.. 8 
Epsom salts.......... 10 RESINS Arran Sacre 8 
Linseed meal......... 100 Cayenne pepper... 4 

Linseed meal...... 44 
Powdered charcoal. 20 
Common salt..... 20 
Wheat bran...... 100 

The above materials are easily obtainable and there is no difficulty 
in compounding them. Oil meal or middlings is not necessary if one 
will thoroly mix together the other ingredients and give the proper 

amount along with some rich concentrate, like oil meal, wheat middlings, 
or ground oats. At ordinary prices for the materials, either the first 

or second formula can be made up for about 5 cents per pound, or about 
one-fourth what is usually charged for something no better. <A table- 

spoonful in each feed will supply more drugs of possible value than the 

same measure of most of the advertised stock foods. The third formula, 
which is more concentrated, may be given at the rate of 1 tablespoonful 

daily mixed with the feed for 10 days, the dose omitted for 3 days, and 
then the tonic given for 10 days more. The flattering testimonials which 
the stock-food companies advertise are explained without granting any 
special virtue to their ‘‘food.’’ The stock foods are usually accompanied 
by directions which advocate liberal feeding and good care for the ani- 
mals to be fed in order to ‘‘secure the benefits from the tonic.’’ Under 
this guidance the farmer feeds and cares for his stock better than ever 
before and secures better results, due not to the stock food but to follow- 

ing the directions which accompanied it. Rather than purchase advice 
with costly condimental foods the wise feeder will secure it in standard 
agricultural papers and books, or from the experiment stations and the 
United States Department of Agriculture. 



CHAPTER XII 

INDIAN CORN AND THE SORGHUMS FOR FORAGE 

I. INDIAN CoRN 

Indian corn, maize, is the imperial agricultural plant of America. 
This giant annual grass reaches a height of from 7 to 15 feet in 4 or 
5 months’ growth, producing under favorable conditions from 10 to 25 

tons of green forage per acre, containing from 4,000 to 10,000 lbs. of 

dry matter. When grown in a dense mass but little seed forms, and we 

have a rank grass which cures into a bright, nutritious, coarse hay. If 

the plants grow some distance apart, a large yield of grain results, with 
excellent forage as a secondary product. 

Were a seedsman to advertise Indian corn by a new name, recounting 

its actual merits while ingeniously concealing its identity, either his 
claims would be discredited or he would have an unlimited demand for 
the seed of this supposed novelty. The possibilities of American farms 
in the live stock they may carry and the animal products they may turn 

off are restricted only by the quantity of corn and of clover or other 

legumes which the land will produce, and this, under good management, 
seems almost unlimited. 

In Chapter I the studies on the composition of the growing Indian 
corn plant are given at length to illustrate and fix in mind the manner 
in which plants grow and elaborate food for animals. The student 
should turn to that most helpful presentation and carefully review 
what it teaches. This done he is in position to proceed with the further 

study of the maize plant here set forth. (The importance of corn as a 
cereal has already been discussed in Chapter IX.) 

290. Corn as a forage plant.—The entire fresh green corn plant may 
be fed as a soiling crop, it may be ensiled, the crop may be cut and cured 
as fodder corn, or the grain may be removed and the remaining stover 

used for feed. As later shown (300), ensiling is by far the most 
satisfactory means of preserving the entire crop as forage. 

The term fodder corn or corn fodder is applied to stalks of corn, 
green or dry, which have been grown primarily for forage, and from 

which the ears or ‘‘nubbins,’’ if they carry any, have not been removed. 

Shock corn and bundle corn are terms applied to fodder corn which 
earries much grain, but which is fed without husking. Stover or corn 
stover denotes the dried stalks of corn from which the ears have been 
removed. Fodder corn or corn fodder, then, is the fresh or cured corn 

plant which has been grown for forage, with all the ears, if any, origi- 
nally produced. Stover is cured shock corn minus the ears. Similarly, 

193 
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the terms kafir fodder, kafir stover, ete., are employed in speaking of 

sorghum forage. 
291. Thickness of planting.—In a study of thick and thin seeding for 

3 seasons at the Illinois Station, Morrow and Hunt secured the results 

summarized below. In these trials the kernels were planted from 3 to 
24 inches apart in the row, all rows being 3 feet 8 inches apart. 

Results of planting corn kernels various distances apart in rows 

Thickness of planting Yield per acre pee Bea Stover Biover 

gets each 
Distance between Kernels Good Poor a F HOKE lb. of 

kernels in row per acre ears ears Stover Grain Total corn 

Bu. Bu. Lbs. Lbs. Lbs. Tons Lbs. 

S InChese esas ac 47,520 13 46 3,968 2,250 6,218 4.8 a (8) 
6 inches........ 23,760 ol 39 3,058 2,922 5,980 eal 19 

Qrmehesa 2... 15,840 yaya] PA) 2,562 2,977 Dog By oA 1 oS 
2 nchess ns a8, ae 11,880 We | 16 2,480 ons 5,593 3.0 toa} 
15 inches........ 9,504 63 | Ii 2,398 2,182 5,180 2.9 1.4 

24 inches........ 5,940 49 6 2,066 2,141 | 4,207 2.5 Les} 

With the kernels but 3 inches apart in the row there were 46 bushels 
of ‘‘nubbins,’’ or poor ears, and only 13 bushels of sound ears per acre. 
However, this thick planting gave the largest returns in digestible nutri- 

ents—over 6,000 lbs. per acre. With this close planting there were 3.6 
lbs. of stover for each pound of grain. The largest yield of sound ear 
corn was secured by planting the kernels 12 inches apart in the row, 
or about 12,000 kernels per acre, which should produce 10,000 good 

stalks an acre. From this the returns were 73 bushels of sound and 
16 bushels of poor ears per acre, with only 600 lbs. less digestible matter 

than from planting the kernels 4 times as thick. These trials, confirmed 
by the work of other stations, teach that when the stockman is seeking 
the greatest amount of nutrients possible from the corn crop he will 
plant the seed so thickly as to choke the ears to about half their natural 

size. If he aims to produce grain, with stover secondary, he will plant 

the kernels at such distance apart as will allow each individual plant to 

produce full-sized ears. No general rule can be given as to the amount 

of seed to be planted per acre. This varies greatly and is determined 

by local conditions. One must know accurately the capacity of his 

land for corn, and seed accordingly, bearing in mind that thick seeding 

gives the most total nutrients, largely as roughage, while thinner seeding 

gives the most sound grain. 
992. Nutrients in the corn crop—Even when grown for the grain, 

the stover contains a considerable part of. the total nutrients of the 

crop, as is shown by the following table, arranged from a summary by 

Armsby? of trials at 4 northern stations. 

2S; Bul. 13. *Penn. Rpt. 1887. 
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Distribution of nutrients in the corn crop grown for grain 

Average Distribution of digestible nutrients Distribution 
yield per Crude Total digestible of net 

acre protein nutrients nutrients 
Lbs. Per ct. Per ct. Per ct. 

IDES, chety tae aes DIRE eee 4,415 75 63 76 
SENET On ee ee 3,838 25 37 24 

The table shows that in the northern states somewhat more than half 
the total weight of the corn crop grown for grain is found in the ears. 
About 75 per ct. of the digestible crude protein is in the ears and 25 

per ct. in the stover. The ears furnish about 63 and the stover 37 per 
ct. of the total digestible nutrients. For animals at light work, those 

fattening slowly or giving only a small quantity of milk, and for main- 
taining animals in winter when much heat for warming the body is 
required, the value of the stover will be approximately measured by 

the total digestible nutrients it contains, or 37 per ct. of the crop. For 
fattening animals and those giving much milk or at hard work the 
stover will have a lower value, on account of the large amount of fiber 
it contains. For such animals a more accurate measure of the relative 
value of the ears and stover is furnished by the last column, which shows 
that the ears supply 76 and the stover 24 per et. of the net nutrients. 
(78-80) The ratio of grain to stalk, and hence the distribution of the 
nutrients, will vary with the variety and with the section of the country. 
The rank growing southern corn will have less of the total nutrients in 

the ear and more in the stalks. These data show clearly the great loss 

of animal food which occurs each year when unnumbered acres of stover 
are allowed to decay in the fields. 

Like the corn grain, corn forage is low in crude protein compared 
with its carbohydrate and fat content. As shown in Appendix Table III 

the nutritive ratio of corn silage is 1:15.1, and that of fodder corn 

1: 15.7 to 1: 17.1, while corn stover has the extremely wide nutritive ratio 
of 1:21.0 or over. Hence these roughages should be supplemented by 

feeds rich in crude protein. Corn forage is fair in phosphorus and high 
in lime, compared with corn and the other cereal grains. 

293. Preserving corn fodder or stover.—Losses of nutrients in corn 
fodder after it has been gathered into shocks (stooks) are known to 
occur thru weathering but there are also large losses which are unex- 
plained. During 4 years’ study at the Wisconsin Station, Woll® deter- 
mined the dry matter and crude protein in a crop of corn at the time of 
cutting and again after the shocks had been exposed to the weather 
for several months. It was found that under Wisconsin conditions well- 
made shocks of corn which stand in the field for a few months lose 
about 24 per ct. of their dry matter, the crude protein content suffering 
to the same extent. Cooke showed that in the dry climate of Colorado* 
heavy losses likewise occur in shock corn. In the South the corn forage, 

?A Book on Silage. *Colo. Bul. 30. 
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maturing early, melts away to almost nothing in a comparatively short 
time. The substances first lost thru such wasting are crude protein, 
sugar, starch, ete-—the most valuable portions of the plant. Nor is it 

possible to entirely prevent these losses by placing the cured fodder 

under cover or in stacks. Losses of this nature are probably due to 
fermentations which slowly but steadily waste the substance of the for- 
age. Sanborn’ writes: ‘‘Many trials with fodder...make it certain 
that 15 per ect. is the minimum loss to be expected with dry storage, 
while the loss may rise to 20 per et. or even more in ordinary 

practice. ’’ 
The losses due to weathering can be lessened by making large shocks. 

Since the stalks stand almost vertical in the shocks, as the leaves wilt 

there is ample room for the upward passage of air currents, which 
rapidly dry the interior and check molds and fermentations. When 

shock corn is pronounced dry by the farmer, it often still carries more 

water and consequently less dry matter than hay, a fact which should not 

be overlooked when feeding this forage. Care must be taken that corn 
fodder or stover is well-cured before it is stacked, and especially before 

it is stored in the mow, for musty, moldy forage is not only unpalatable 

but even dangerous. In southern states where it is exceedingly difficult 
to eure corn stalks so that they may be stacked, the silo is particularly 

useful. 
294. Dry fodder corn.—Corn grown and cured as forage constitutes 

a coarse hay of high feeding value, since only a portion of the nutrients 
has gone into the ear. Dry fodder corn is more palatable and nutritious 

than stover, which has transmitted much of its substance to the grain. 
Thickly seeded corn bears small, palatable ears which are easily masti- 

cated. When grown for coarse hay and carrying some grain, corn 

possesses a feeding value not as yet appreciated by most stockmen. 

Overlooking its splendid qualities as a hay plant, we have become 

accustomed to growing this grass for the grain it yields, and using the 

stover aS a sort of straw to be eaten or wasted as accident determines. 

(500, 620-1, 771, 862) 
295. Shock corn.—Rather than husk corn and feed the grain and 

stover separately, it is often more profitable to feed shock corn and 

allow the animals to do their own husking. This is especially true for 

animals which need only a small grain allowance, such as cattle being 

carried thru the winter or idle horses. Shock corn may also be success- 

fully fed to fattening cattle and sheep, particularly at the beginning 

of the fattening period, and to a less extent it may be employed with 

the dairy cow. It is true that when fed unhusked some corn passes 

thru the animal unbroken, but feeding trials show that, despite such 

waste, there is often little or no profit in husking the ear and reducing 

it to meal. A little study will determine the amount of grain the shocks 

carry, so that the feeder can properly adjust the ratio of grain to rough- 

5Cyc. Am. Agr., Vol. II, p. 569. 
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age by supplying either ear corn or corn stover as the animals may 
require. (735, 771) 

296. Corn stover.—The forage which remains after removing the ears 

from shock corn has a higher feeding value than is usually conceded. 
Stover produced in the northern portion of the corn belt is superior in 
nutriment and palatability to that grown in the South. As soon as 
fairly well cured and freed from external moisture stover should be 
placed under cover or stacked, rather than left to deteriorate in the 

field. Waters of the Missouri Station® found as the average of experi- 
ments covering 4 years that moderately thin yearling steers lost only 33 

lbs. each when wintered on corn stover alone. This shows that corn 

stover fed long or uncut will nearly furnish a maintenance ration for 
such animals. (502, 622, 771, 862) 

297. Shredded or cut stover and fodder—When shock corn is husked 

by machinery the stover is usually cut or shredded at the same oper- 
ation. Corn fodder is also often passed thru a feed cutter before 
feeding. At the Wisconsin Station’ the senior author conducted 3 trials 
in which cows were fed either shredded or unshredded corn stover or 
fodder corn, all receiving the same allowance of grain and hay. While 

on the average 18 per ct. of the long forage was refused, the shredded 

fodder was all consumed. In these trials 100 lbs. of shredded stover 
or fodder produced slightly more milk than 132 lbs. of long forage. 
At the Kansas Station’ Shelton, in experiments covering 3 seasons, fed 
stover cut into lengths varying from 0.25 to 2 inches to cows, and found 
an average waste of 31 per et. of the cut stover, with no greater milk 
returns than from the uncut stover. The finer the stover was cut the 

larger was the waste, and the conclusion was that the only advantage 
from cutting stover lay in the greater convenience of handling it in the 
stable. Likewise at the Missouri Station® Waters found shredded stover 
slightly inferior to whole stover for steer feeding. In accounting for 
these differences it may be said that the stalks of corn grown in the 
middle and lower portions of the corn belt are larger, coarser, more 
woody, and doubtless less nutritious than the smaller, softer stalks of the 

northern states. It is also possible that in the Kansas trial the sharp 

edges of the cut stalks made the mouths of the cattle sore. This can be 
avoided by changing the length of the cut or by shredding. Cutting or 
shredding corn forage makes it easier to handle, and the waste is in 
better shape for bedding and manure. As this finer material is not more 
digestible than long stover, the only other possible advantage comes in 

getting the animals to eat more, or to eat those parts which would other- 
wise be wasted. 

298. Pulling fodder.—In the South the tops of the ripening corn stalks 
are quite commonly cut off just above the ears, leaving the tall butts, 
each with an unhusked ear at its top. Next, the leaves are stripped from 
‘the butts, and these together with the severed tops are cured into a 

5Mo. Bul. 75. ™Wis. Rpt. 1886. SKan. Rpt. 1889. °Mo. Bul. 75. 
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nutritious, palatable fodder, which is extensively employed for feeding 

horses and other stock. The previous study of the development of the 

nutrients in the corn plant shows the folly of this practice. During 
the last stages of its life the corn plant is busiest in gathering erude 
materials from ai and soil and elaborating them into nutritious food. 
Removing the top and leaves, at onee stops all this work of food making. 

Stubbs of the Louisiana Station’? found that pulling fodder caused a 

shrinkage of from 15 to 20 per et. in the yield of grain. (23) 

299. The new corn product.—The pith of the cured corn stalk is used 

as a packing between the walls of vessels to prevent the entranee of 

water should the hull be piereed, as well as being employed in various 

industries. It has been found that for each pound of pith there are 15 

Ibs. of blades, husks, and parts of stalks whieh remain as a by-product. 

This waste, ground to a powder, has been named ‘‘the new corn 

produet.”” At the Maryland Station" Patterson found the new corn 

product somewhat more digestible than whole stover in feeding trials 
with steers and equal to hay tor horses. 

As this material is used as a filler in some mixed feeds, it is well to bear 
in mind that grinding the by-product does not imerease its content of 

nutrients. 
300. Indian corn for silage.—Indian corn is pre-eminently a silage 

plant. The solid, sueeulent stems and broad leaves, when eut into short 
lengths, pack closely and form a solid mass which not only keeps well 

but furnishes a product that is greatly relished by stoek, and consumed 

with little waste. <Altho with enlarging experience the use of other 

erops for silage is increasing rapidly, by far the greater portion of all 
the forage stored in silos in this country is corn. The importance of 

silage on American farms is discussed further in Chapter XVI and in 
the respeetive chapters of Part II. 

301. Losses by ensiling and field-curing.—Atter studying the losses of 
forage preserved in wooden silos during + seasons at the Wisconsin Sta- 
tion? King eoneludes that, omitting the top and bottom waste, which is 

the same for deep or shallow silos, the losses of dry matter im corn 

silage need not exceed 10 per et. Considerable of the protein in ensiled 
fodder is changed to amids (11), and some of the starch and sugar is 

destroyed, while the fiber is not diminished; thus the losses fall on 
the best portions of the ensiled material. Numerous trials at the stations 
show practically no difference between the digestibility of corn silage 

and dry eorn fodder, but both are somewhat less digestible than the 

ereen forage. This is shown in the average digestion coefticients given 

in Appendix Table Ul. 

The following table summarizes the comparative losses in preserving 

eorn forage by ensiling and field-euring as shown by 10 trials at 4 sta- 

tions: 

La, Bul. 22. (Old Series.) “Md. Buls. 48, 51. 2 Wis. Bul. 69. 
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Telative losses of field-curing and ensiling the corn crop 
Corn silage Corn fodder in shoelcs 

; Dry Crude Dry Crude 
Station and reference matter protein matter protein 

Per ct. Per ct. Per ct, Per ct, 

Vermont, av. 4 yrs., Bey Ache} oy: Or ee tack Pye TE 18 2 INP) fo ANY ef IPAs 
New Jersey, Bul. 19. ARR Soe PERNT ape 18.0 Wes 17.3 ate 
Pennsylvania, Rpt. REO, Ph TROT On aie rere PLORS 4.4 21.0 11.6 
Wisconsin, av. 4 yrs., Rpt. RO aertt eRe. +: 15.6 16.8 23.8 24.3 

iif ah 20.0 16.2 S| rmevenire At A BLALIONR. vii. cers hades ru ors 
*Average of 3 years. 

The table shows that more dry. matter and crude protein were lost by 

drying corn forage in shocks than by ensiling. 

302. Corn silage vs. corn fodder.—We have seen that the losses of 
nutrients by ensiling and drying corn forage are not materially different, 

tho somewhat favoring silage, and that ensiling a crop tends to decrease 

rather than increase the digestibility. (83) On the other hand, actual 
feeding trials with dairy cows and steers, reported in Part III, show 
that silage gives better results than a corresponding amount of dry 

fodder. (630, 781) The difference in favor of silage is doubtless due in 

part to the fact that cattle usually reject the dry butts of the corn 

stalks even when cut fine, while in silage they are eaten. Owing to the 

palatability of this succulence silage-fed animals consume a larger ration 

and more nutriment is hence available for milk or flesh production after 
supplying the wants of the body. Like other succulent feeds silage has 

a beneficial laxative effect and is a valuable aid in keeping farm animals 

in thrifty condition. 

303. The corn for silage.—Jn the earlier years corn was usually ensiled 
before the kernels were in the glazing stage. Experience has shown that 

much sweeter silage is produced when corn is not ensiled until the ker- 

nels have hardened and glazed (with the dent varieties when they are 
well dented). The crop should, however, be cut for silage while most 

of the leaves are yet green and succulent. The rapid storage of high- 
quality nutrients which takes place in the later stages of the development 
of the corn plant is a most important reason for waiting until the crop 
is practically mature. (23) Several stations have determined the yields 
per acre of green forage and digestible nutrients from southern varieties 

of corn, which usually do not reach maturity in the North, and from the 

smaller northern varieties, with the results shown below: 

Yield of corn forage at the North from northern and southern seed 
Green weight per acre Digestible nutrients per acre 

Southern Northern Southern Northern 
corn corn corn. corn. 
Lbs. Lbs. Lbs. Lbs. 

Maine, 5 years (Rpt. 1893) 34,761 22,269 8,251 3,076 
Penn., 3 years (Rpt. 1892). 32,321 18,606 5,042 4,149 
N. Y. (Cornell), (Bul. 16).. 34,060 16,980 4,758 2,953 
Wis. (Rpt..1888)..;5°5..... 47,040 24,890 5,414 5,229 
Minn; (Bul; 40))5 tin 7 43,000 19,500 3,887 2,911 
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In each instance the southern corn gave larger yields of green corn 

per acre. ‘Tho southern corn, which carries a small proportion of grain, 

is about 8 per et. less digestible than northern corn, it nevertheless pro- 
duced more digestible nutrients per acre.** However, southern corn 

should not generally be used for either silage or dry forage except where 
the climatie conditions permit the ears to develop kernels which reach the 
olazing stage at time of harvest. When there is an urgent demand for 

the largest amount of palatable roughage from a given area, the southern 
varieties have a place in the northern states, in spite of the fact that 

these types, which will not reach maturity, produce sourer silage. On 

the other hand, the northern stockman who has hay, straw, or stover at 

command will aim to fill his silo with a richer feed than southern corn 
yields, and therefore will use northern dent. or flint, varieties, which 
mature. He will plant the crop somewhat more thickly than when grown 

for grain, but yet so as to secure a relatively large proportion of grain to 

roughage, and will thus secure a rich silage that materially reduces the 
amount of concentrates required for his stock. 

304, Silage from frozen or drought-stricken corn.—When corn is killed 
by frost or stricken by drought the silo is the best instrument for pre- 
serving all possible nutriment in the crop. When the plants have 
dried out unduly, water should be added as the silo is being filled to 
insure the necessary fermentations that preserve the silage. 

Hills of the Vermont Station’? found that silage from frozen corn is 

not necessarily poorer because of having been frosted, is not dangerous 
to cows, and does not injuriously affect the milk. He concludes that it 

is often advisable to allow a crop of immature, watery corn to stand 

one or two weeks longer than usual, thereby gaining from 6 to 15 per et. 

in dry matter should no frost come. Frosted corn should be quickly 
ensiled, for the storm which usually follows the first fall frosts will wash 
out much nutriment from the frosted forage, and the winds soon whip 

off the dried, brittle leaves. 
305. Corn fodder or stover silage.—It has been found that cured corn 

forage, when cut into the silo, thoroly moistened, and well-packed will 
undergo fermentation similar to that which occurs with green material 
and may be preserved in a satisfactory manner.’? Tho usually less 

palatable than silage from green corn this product has an aromatic 

silage odor and is readily consumed by stock, with less waste than is dry 
fodder or stover. This method is now followed by many farmers, 
especially in the plains region, some even filling their silos 3 times a 
year—in the fall with green corn or sorghum, and later with the cured 

forage. The essential points in the process are to add enough water so 

that the material will pack well and then to tramp it down with especial 

thoroness; otherwise the mass will spoil. Tho the water may be applied 
to the cut material in the silo, more even moisture distribution is possible 
and hence better silage is produced when a stream of water is run into 

13 Jordan, Me. Rpt. 1893. “Vt. Rpt. 1906. “Del. Rpt. 1903; Vt. Bul. 170. 
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_ the blower, thereby wetting the cut fodder before it reaches the silo. 
Eckles of the Missouri Station** states that only about one-third of the 
total amount of water needed will be taken up by the dry fodder as it 
passes thru the blower. The remainder should be sprinkled over the 
fodder in the silo as it is filled. Due to the widely varying water content 

_ Of field-cured corn forage it is impossible to state definitely the amount 
of water to be added in such cases. Some recommend adding about an 
equal weight of water to the forage, others add just enough so that water 
may be squeezed out of the cut material. 

306. Removing the ears before ensiling—Years ago it was recom- 
mended that, instead of ensiling the entire corn plant, the ears be 
removed and cured elsewhere, and only the stalks and leaves converted 
into silage. This grain-free silage would then be fed along with more or 
less of the grain separately saved. This matter was tested by Woll at 
the Wisconsin Station** and Hills at the Vermont Station®* with adverse 
results. Hills found that 1 acre of green corn fodder, including ears, 
reduced to silage was equal in feeding value to 1.26 acres of silage from 
stalks stripped of their ears and fed with the meal made by grinding 
the dry ear corn which was produced by the crop. 

307. Corn for soilage—Corn ranks high as a soiling crop on account 
of its palatability, the high yield of nutrients, and the fact that it 
remains in good condition for feeding for a much longer period than 
many other crops grown for soilage. On farms lacking summer silage, 
feeding corn forage in the green stage as soilage should become general, 
for during the late summer and early fall pastures are often too scant 
to enable animals to do their best. In the case of dairy cows such a 
shortage of feed will.cause a decrease in milk flow, which often can not 
be recovered by subsequent liberal feeding. (642, 663) An acre of 
ripening corn fed in early fall may thus return twice as much profit as 
if it were held over until winter. For early feeding sweet corn may 
often be advantageously used. 

IL Tee Sorcuums 

In the dry-farming districts, from Nebraska to Texas and Arizona. 
the sorghums, both the saccharine sorghos and the non-saccharine grain 
sorghums are of great and increasing importance as forage crops because 
they are far more drought resistant than corn and the leaves remain 
green late in autumn (235-41) In 1913 Kansas alone grew 1,633,000 
acres of grain sorghum for grain and forage, and 738,000 acres of sorgho. 
these crops having a total value of over $17,200,000. The sorghums. 
chiefly the sorghos, are valuable crops in the southern states for hay 
soilage, or silage, and are also grown in the northern states, chiefly for 
so : 
Be ee ivy. Codie Gee te comida a 

good and 6 tons a large return from the sorghums, while maximum 

“Wo Cir. 71 “Wis. Rpts 1891.2. =Vt Rpt. 1882. Forage Plants, p. 269. 
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yields may reach 10 tons of dry fodder or 40 tons of green material. 

Reed of the Kansas Station*’® states that under Kansas conditions the 
sorghums will produce one-third to one-half more forage per acre than 
corn. 

308. Sorghum fodder and stover.—Thruout regions of scanty rainfall 
the sorghums are most commonly grown in drilled rows of sufficient 

width to allow horse cultivation, by which the moisture is conserved 
and larger yields obtained. When grown in drills, not too thickly, 

much seed is produced and the stalks are somewhat coarse. Sorghum 
forage 1s more palatable when cut before fully matured, but the seed 

should be allowed to reach the early dough stage, for if cut earler the 
plants are watery and contain little nutriment. The crop is cured in 

shocks, the same as Indian corn, but in the case of the Juicy-stemmed 

sorghos, which cure with difficulty, the shocks should be small. If left 

in the field in humid regions for 3 months or longer sorgho fodder is 

apt to sour, due to fermentation of the sugar in the stalks.*t In sections 
with ample rainfall the seed is often broadcasted, and the fine-stemmed 
plants cut with a mower and cured in cocks, the same as the meadow 
grasses. In the South where the rainfall is ample or on irrigated lands 

2 to 3 cuttings of sorghum may be secured in a season if the crop is 
cut before it matures; in the dry-farming districts the crop is usually 

cut but once. 
The various types of grain sorghums have been previously described. 

(235-40) Of this group the kafirs give the largest yields of the most 
valuable forage, for they are leafy and the stems are more succulent 

than those of milo, feterita, or kaoliang. Kafir fodder and stover com- 
pare favorably in composition and feeding value with that from corn. 

Feterita ranks next to kafir for forage, while milo, kaoliang, and shallu 
have less foliage and more pithy stems. (772, 861) The dwarf types of 
the grain sorghums are often harvested with a grain header, and stock 

grazed on the standing stalks. 
The sorghos with their juicy stalks rich in sugar are grown chiefly 

for forage. Early varieties, such as Amber cane, ripen earlier than 
kafir or milo and may be grown wherever corn will mature. Zavitz of 

the Ontario Agricultural College”? reports an average plot yield of 16.3 

tons per acre from 8 varieties of sorgho tested for 15 years. Snyder of 
the North Platte, Nebraska, Sub-Station’* regards sorgho as the best 

forage plant for the more arid sections of the plains district, where 
alfalfa can not be grown, being fully equal to good prairie hay in 
feeding value. Early sorghos have proved the best forage crops on dry 

farms in northwestern Texas and in Arizona, as they evade drought 

better than late maturing types.2* Where rainfall is more abundant the 

later varieties give a larger yield of forage. The palatable leaves, sweet 

2 Kan. Cir. 28. 2 Ont. Agr. College, Rpt. 1918. 

1Piper, Forage Plants, p. 275. Nebr. Bul. 135. 

4Conner, Tex. Bul. 103; Clothier, Ariz. Rpt, 1912. 
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stalks and freedom from dust make sorgho forage a desirable roughage 
for stock, especially horses. (499, 861) 

309. The sorghums for grazing, soilage, and silage.——Especially in the 
southern states, the sorghums, mainly the sorghos, are widely used as 

summer pasture for horses, cattle, and swine, as they are available at a 

time when other crops are exhausted or immature. Owing to the 
danger from prussic acid poisoning, extreme care must be taken in pas- 
turing second growth or stunted sorghum. (395) By feeding the green 
crop as soilage it is the more completely utilized. Tho sorghum may be 

eut at any time after it reaches a height of 2 to 3 feet, a greater yield of 
nutrients will be secured when it is allowed to head. The early varieties 
of sorghos are admirable soiling crops for the northern states. (421) 

The sorghums formerly had the reputation of producing much sourer 
silage than corn. Numerous experiments have now shown, however, that 

when sufficiently matured, both the sorghos and the grain sorghums 
make excellent silage. Reed of the Kansas Station’ reports from 2-year 

trials that silage from kafir or sorgho, ensiled when the seeds were hard, 
contained less acid than corn silage and was practically equal to corn 

silage in feeding value. (632, 782, 870) He states that the best way to 

determine when eane or kafir is ready to ensile is to twist the stalk with 

the hands. When it is so mature that just a very little juice will run 
out the proper stage has been reached. As with corn, it is preferable to 
let the crop of cane or kafir stand till after frost rather than ensile it 
too green. (803) The bagasse, or waste of the sorghum syrup factories, 
should not be wasted, but may be satisfactorily ensiled, as well as the 
leaves removed before running the stalks thru the mill. 

* Kan. Cir. 28; and information to the authors. 



CHAPTER XIII 

THE SMALLER GRASSES—STRAW—HAY-MAKING 

I. THE SMALLER GRASSES 

The great grain-bearing plants—Indian corn, wheat, rye, barley, oats, 

rice, and the sorghums—are all members of the grass family, tho they 

are annuals and require careful cultivation. The smaller grasses are 
nearly all perennials, thriving without cultivation and producing rough- 
age of high grade. In the humid regions Nature everywhere spreads a 

carpet of soft, green grass that beautifies the landscape and furnishes 
an abundance of palatable food for animals. Even in the desert the 

grasses struggle for existence and yield rich nutriment, tho in meager 

amount. For recuperating the soil and binding it together and for 

furnishing food to the domestic animals, the smaller grasses are of 
supreme importance. In summertime in those regions where grasses 
flourish, the animals of the farm largely feed themselves, and meat, milk, 

and wool are produced at the minimum cost for labor. 

The smaller grasses may be divided into the sod-formers and non-sod- 
formers. The sod-formers spread by ereeping stems below or above 
ground. This group includes our most valuable pasture and lawn 

grasses, such as Kentucky bluegrass and Bermuda grass. The non-sod- 

formers grow in tufts or bunches, and tho they may increase in size by 

stooling, do not otherwise spread except by seed. Orchard grass is an 
example of this class. Certain grasses of the group, as timothy, increase 
to a limited extent by development and division of bulbs at the base 

of the stems. 
310. Nutrients in grasses at different stages—Hay from grasses cut at 

the usual stages of maturity is relatively low in digestible crude protein 
compared with carbohydrates and fats, and hence should be used with 

feeds rich in protein. When immature, before the great development of 
carbohydrates has occurred, the grasses contain a much larger proportion 
of crude protein. At the Michigan Station’ Crozier cut growing timothy 
grass 8 times from one plat, while on another it was cut and cured into 

hay after making full growth. The hay from the frequently-cut grass 

was nearly 3 times as rich in crude protein as that from the nearly 

mature grass cut once. Good of: the Kentucky Station? found that 
Kentucky bluegrass, rye, wheat, and oats, cut when only 5 to 8 inches 

high, contains as high a percentage of crude protein as does alfalfa or 

the clovers. This shows that immature grasses, such as are gathered by 
grazing animals, are protein-rich feeds, and explains the favorable 

1Mich. Bul. 141. *Ky. Rpt. 1911-13, p. 9: 
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results attained when corn, a highly carbonaceous feed, is fed alone to 
fattening animals at pasture. Crozier secured nearly 4 times as much 
total dry matter per acre, and also the greatest total yield of crude pro- 

tein, when the grass was nearly mature. Hence, when grass is cut for 

hay at the usual stages, the aggregate yield of nutrients is greater than 
when the same area is kept grazed by animals. 

311. Bluegrass, Poa pratensis—Kentucky bluegrass, or June grass, is 
the common carpet grass of the northeastern United States, easily rank- 
ing first for lawn and pasture. By its persistence it often drives red 
clover, timothy, and other grasses from the meadows and pastures, 

tenaciously holding its own against all claimants. Appendix Table III 
shows this grass to be one of the richest in both digestible crude protein 
and fat, which helps explain the fondness for it shown by stock. 
Differing from most grasses of the humid regions, mature dried blue- 
grass is quite readily grazed by animals, thus resembling some of the 
grasses of the western ranges. With the coming of spring bluegrass 

pushes forward so vigorously that early in May the fields display a 
thick, nutritious carpet of green, and a little later the seed heads show. 
With seed bearing late in May, the plant’s energies become exhausted, 
and bluegrass enters a period of rest which lasts several weeks. During 
this time there is little growth, and if a midsummer drought occurs the 
plants turn brown and appear to be dying. They quickly revive with 

the coming of the fall rains, and again the pastures are green and grow- 
ing. They have had their rest, and each plant is once more busy 
gathering nourishment for the coming season’s seed bearing. The ob- 
servant stockman soon learns that it is unwise to rely on bluegrass 
pasture for a steady and uniform feed supply for his cattle thruout 
the season. Accordingly he understocks the pasture in spring so that 
the excess of herbage during May and June may remain to be drawn 
upon during the midsummer dormant period, or he fully stocks it and 
makes up the later shortage by supplying silage or soilage. In some 
districts it has been found profitable to graze bluegrass pastures lightly 
or not at all in summer, and allow the self-cured herbage to stand for 
winter grazing. Because of its low, carpet-like growth, Kentucky blue- 
grass is primarily a pasture grass and should be so regarded. (419) 

312. Timothy, Phleum pratense——The total acreage in the United 

States of timothy, called ‘‘herd’s grass’’ in New England, is nearly as 
great as that of all other cultivated hay plants combined, including 
clover and alfalfa. Timothy is a cool-weather grass, and of vast impor- 
tance in the northeastern states, where it furnishes probably three- 
fourths of the hay marketed in the cities. The following points make 
timothy a favorite with the farmer: Timothy seeds, large and easily 
recognized, are produced in abundance and long retain their vitality. A 

field of timothy is quickly established and usually holds out well. The 
grass seldom lodges, is easily cured into hay, and may be harvested over a 
longer period than most grasses. Hay from nearly-ripened grass is 
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usually bright, quite free from dust, and satisfies the city buyer, as it is 

well liked by driving horses, which get most of their nourishment from 
oats or other grain. (493) 

Timothy hay is not desirable as the sole forage crop on well-managed 
farms, because the yield is not large, there is little aftermath, the hay is 

low in protein, and there are other and better plants which may take its 
place. On most farms where timothy is now extensively grown, greater 
use should be made of the legumes, which not only furnish more nutri- 

tious hay, rich in protein, but at the same time increase the fertility of 

the soil. For cattle and sheep legume hay is far preferable to timothy 

(623, 764, 861), and even for horses the legumes may entirely or largely 

replace it. Fodder corn, hay from the cereals—oats, wheat, rye, or 

barley—or mixed clover and timothy hay are also desirable substitutes 
in many eases. 

Red or alsike clover should always be sown with timothy, for the 

combination furnishes more and superior hay, even for horses. Grown 

together, the hay: of the first season will consist largely of clover. With 

the close of the second season most of the clover disappears and the de- 
eaying clover roots will nourish the timothy which .remains, so that a 
much larger yield of that grass is thereby obtained. Such indirect 

fertilization of the soil should also increase the nutritive value of the 
hay, for at the Minnesota Station*® timothy grown on manured soil con- 

tained one-fourth more crude protein than that from the same soil with- 

out manure. 

313. When to cut timothy.—The most extensive data on the time to cut 

timothy for hay are those of Waters and Schweitzer at the Missouri Sta- 
tion. During 3 seasons they determined the yield of dry matter in hay 

from timothy cut at different stages, and also the yield of digestible 
nutrients, as found by digestion trials with steers, with the results aver- 

aged in the table: 

Yield of timothy cut at different stages 
Digestible nutrients per acre 

Dry matter Crude Carbo- Total dig. 
per acre protein hydrates Fat matter 

Lbs. Lbs. Lbs. Lbs. Lbs. 

Coming into blossom.. 3,411 135 1,676 43 1,908 
Full bloomi... 3.0.0: es: 3,964 147 1,867 44 Zale 
Seed formed......... 4,089 aks} 1,802 ol 2,030 
Seed in dough........ 4,038 98 1,695 54 1,914 
Seed ripe............ 3,747 92 1,576 38 1,754 

Cutting the crop when the seed had just formed gave the largest yield 
of dry matter ver acre, closely followed by the cutting made when the 

seed was in the dough, and this in turn by the cutting made when the 

plants were in full bloom. In view of the large storage of nutrients 
which continues in the corn plant until the grain is mature (23), it at 
first seems surprising that the last cutting of timothy, made when the 

2 Minn. Bul. 101. ‘Proc. Soc. Prom. Agr. Sci., 1910, pp. 71-98. 
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seeds were ripe but before they had shattered, yielded 342 Ibs. less dry 

matter than the third cutting. This was due to the partial loss of the 
lower leaves as the plant matures, to leaching by rain, and to the stor- 

age of nutrients in the bulbs at the base of the stems. More important 
than the total yield of dry matter is the content of digestible nutrients. 

Owing to decreased digestibility of the later cuttings, at full bloom the 
erop contained noticeably the most digestible crude protein, carbohy- 
drates, and total digestible matter. While the digestible crude protein 
had decreased 23 per ct. by the time the seed was formed, there was 

little or no decrease in the other nutrients up to this stage. Later the 
yield of both digestible crude protein and carbohydrates fell off marked- 

ly. The decrease in total digestible nutrients as the crop matured—a 

condition opposite to that in the corn crop—is explained both by the 
reasons mentioned above and by the fact that the maturing corn plant is 
continuously storing nutrients in the highly digestible grain. Hills of 

the Vermont Station’ points out that with the smaller grasses the nutri- 
ents stored in the seeds are largely lost to the animal, for the seeds are 

well protected against mastication and digestion by their small size and 
hard seed coats. 

During 2 years Waters determined the preference of stock for the 
several cuttings, steers, dairy cows, and sheep being allowed free access 

to feed racks containing each cutting. Yearling steers with no other 
feed showed a decided preference for the first cutting over the second 
and for the second over the third, discriminating sharply against the 
fourth and especially the fifth. They ate all of the first 3 cuttings be- 

fore they really began on the fourth or fifth. Those fed liberally on 
grain and silage did not show such marked preferences for the earlier 

eut hay. Dairy cows getting grain and silage did not discriminate be- 
tween the first 3 cuttings, but avoided the later ones. Wethers fed all 
the corn they would eat showed no preference. 

Based on yield of digestible nutrients alone, full bloom appears the 

best time to cut timothy for hay, but other factors must be considered. 
In the corn belt, the cutting must often be delayed because the cultiva- 

tion of corn is then imperative. Immature grass is difficult to cure, the 
weather early in the season is usually more unsettled, and the ground 
cooler. When the crop is cut before the large storage of nutrients in the 

bulbs has occurred, the stand of grass will be impaired, according to 
Waters. The question is thus complex and must be determined from 
local conditions. In general we may conclude that for dairy cows, 
young stock, and sheep, timothy should be cut early, since these animals 

do not relish hay that is woody and lacks aroma, as does most late-cut 
hay. For horses and fattening cattle late cutting is favored. These 
animals subsist mostly on concentrates, and the hay they eat serves more 

for ‘‘filling,’’ as hersemen say. In any case the harvest should not be 

too long delayed lest the grass become tough and stringy and the seeds 

SVt. Bul. 152. 
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shatter. In trials with early-and late-cut timothy for fattening steers, 
Sanborn® found that late-cut hay gave better returns. The senior author, 

in an unpublished duplicate experiment conducted many years ago, 

reached the same conclusion. 
314. Red top, Agrostis alba or vulgaris.—This grass, of several species, 

is probably suited to a wider range of climatic and soil conditions than 
any other cultivated grass. A couple of years are required to establish 
strong plants from seed, but it then forms a close, well-knit, smooth 
turf, ranking next to bluegrass in this regard. Red top is often indi- 

genous to northern meadows and should be more generally grown. 

Tracy of the Mississippi Station’ found no better grass than red top for 

marshy lands and seepy hillsides. It is especially valuable on damp 

lands from Canada to the Gulf States and thrives on soil too acid for 

most other cultivated grasses. At the same time it will withstand con- 

siderable drought and endures on poor uplands. Tho not so well liked 

as bluegrass, red top furnishes good pasture, and yields a palatable hay 

with fine stems and numerous leaves. 
315. Orchard grass, Dactylis glomerata.—Tho it does well in full sun- 

light, this grass thrives better than most others in partial shade. It 

endures hot weather better than timothy and is well suited to the south- 

ern border of the timothy belt. As it starts early in the spring it fur- 

nishes valuable pasturage, tho stock prefer bluegrass. It grows in tufts, 

forming an uneven sod, and hence should be sown with other grasses or 

clovers, both for hay and pasture. Ripening 2 weeks before timothy, it 

fits in well with red clover. While late-cut orchard grass makes harsh, 

woody hay, lacking in aroma, that cut in early bloom is equal to the best 

of the hay grasses, carrying considerably more crude protein than tim- 

othy. This grass is usually persistent, deep rooted, withstands summer 

droughts well, and continues growth late in the autumn, producing 

much aftermath. 
316. Brome grass, Bromus inermis.—For the eastern, edge of the north- 

ern plains region, stretching from South Dakota to Saskatchewan, brome 
is the most important cultivated grass, flourishing there as do timothy 

and bluegrass farther east. 
This grass furnishes good crops of hay, equal to timothy in feeding 

value, for 3 or 4 years after seeding, by which time it usually becomes 

sod bound and should be renovated by harrowing or shallow plowing. 
Brome is one of the most palatable of pasture grasses and endures heavy 

grazing. Tho this grass is one of the most drought-resistant of the culti- 
vated grasses, Snyder* found brome unsatisfactory as a hay crop on dry 
farms in western Nebraska and less productive than the native prairie 
grasses for pasture, except in seasons with heavier rainfall than usual 
in that section. Ladd and Shepperd of the North Dakota Station® found 

brome the best grass for permanent pasture, yielding twice as much pro- 

*Rpt. N. H. Board of Agr., 1880. ®Nebr. Bul. 135. 

7™Miss. Bul. 20. °N. D. Bul. 47. 
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tein and no more fiber than timothy. During a 5-year test, brome grass 
yielded an average of 2 tons of hay at the Manitoba and 1.25 tons at the 

Saskatchewan Station.’® (496) 
317. The millets—The millets are rapid growing hot-weather annuals 

of many races and varieties. Of these, the foxtail millets, previously 
described (2438), are the type most grown for forage in the United States. 
In this group are common millet, the earliest, most drought-resistant, 

and, according to Piper,“ the most widely grown variety; the less 
drought-resistant Hungarian millet, shorter stemmed and with seeds 
mostly purplish; and German millet, late maturing and with nodding 

heads, which yields more hay, but not of quite such good quality. The 

foxtail millets are especially valuable as hay crops on dry-farms in the 

northern plains region. In the more humid regions they are grown 

chiefly as catch crops, thriving remarkably in hot and even dry weather 
and reaching the harvest period late in August or September. For 
millet hay of fine quality heavy seeding should be practiced. Millet 
grass designed for hay should be cut as soon as the blossoms appear, to 
prevent the formation of the hard, indigestible seeds. Thickly-seeded, 
early-cured millet hay is useful for cattle and sheep feeding. (798, 861) 

Since millet hay is sometimes injurious to horses, it should be fed spar- 

ingly and under close supervision. (498) 

Japanese barnyard millet (Echinochloa frumentacea), a close relative 
of the common barnyard grass, has often been advertised as ‘‘ billion 
dollar grass.’’ This plant is much coarser than the foxtail millets and 
under favorable conditions yields large crops of coarse forage. Lindsey 
of the Massachusetts Station!? found this millet less satisfactory than 

corn for soilage because it is more woody and less drought resistant. 
For hay it is inferior to the foxtail millets. The broom-corn millets, 
previously described (243), are grown chiefly for seed production, as the 
yield of forage is low and the stems woody. Pearl millet (Pennisetum 
glaucum), also called pencillaria or cat-tail millet, is adapted to the same 
conditions as the sorghums, which have largely displaced it in both the 
semi-arid regions and the South. As a soiling crop this tall growing 
grass has value in the southern states, yielding 3 or more cuttings in a 
season. It should be cut when 3 to 4 feet high, before the stems become 

hard. 
Teosinte (Euchlaena Mexicana), a giant millet resembling sorghum, 

requires a rich, moist soil and is too tropical to have value north of the 
southern portion of the Gulf States. The culture of this grass is de- 
creasing in the United States, because on moderately fertile soils it 
yields less than sorghum, and on rich land less than Japanese cane.* 

318. The small grains for forage.—Oats, barley, wheat, rye, and emmer 
may all be successfully used for the production of hay, soilage, and 
pasturage. In 1909 over 4,300,000 acres of small grains were cut for hay 

Canada Expt. Farms, Rpts. 1902-6. 2 Mass. Bul. 133. 

1 Forage Plants, p. 288. 18 Piper, Forage Plants, p. 303. 
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in the United States, nearly as large an acreage as was devoted to alfalfa, 

and about 4 times that of the millets.14 Over half this area was in the 
Pacific coast states, wheat and barley being grown in Washington and 

chiefly barley in California. More than 40 per ct. of all the hay grown 
in the southeastern coast states, from North Carolina to Louisiana, is 

from the small grains. When intended for hay, the cereal grasses should 
be cut while the grains are in the early milk stage, at which time the 
stems and leaves may be cured into a bright, dust-free hay of good 
quality. Bearded wheat, barley, and rye should be cut before the awns 

harden. Cereal crops which have lodged badly because of overrich soil 

or excessive rainfall may often be advantageously converted into hay. 
(494) 

In the North, fall-sown rye or wheat furnish excellent late fall and 

early spring pasture and soilage, while spring-sown oats and barley pro- 
vide green forage in early summer. Barley is the best cereal grass for 

late summer seeding, since the young plants do not rust so readily as do 

other cereals. In the southern states fall-sown grains, including winter 
oats, may be pastured thru the winter, and if not cropped too closely or 

too late will still yield considerable hay or grain. At the Alabama 

(Canebrake) Station?® a fall-seeded barley field yielded over 11 tons of 
green forage per acre by the following March. In southern Kansas it 

was found that fall-sown wheat pastured by cows during mild weather 
in winter gave a grass flavor to winter butter. The bad flavor which 

green rye imparts to milk may usually be avoided by grazing the cows 
thereon for but 2 or 3 hours immediately after milking. In the northern 
states the cereal grain plants are not as extensively used for hay and 

pasture as they should be. 

A field sown to rye, wheat, oats, or barley for temporary pasture may 
be changed to a permanent one by sowing clover and grass seed thereon 
early in spring in the usual manner. The grass and clover plants will 
then begin growth under shelter of the young grain plants. Stock may 
be turned into such pastures to graze on the cereal plants regardless of 

the young grasses and clovers, but should be kept off the field immediate- 
ly after rain while the ground is soft. The eattle will tramp out some 
of the tiny grass plants, but will do no permanent harm. The young 
erass and clover plants will grow rapidly, and as the cereal plants die 
will spread until they form a dense, permanent sod. Such double 
seeding gives the earliest possible summer pasture of rye, wheat, barley, 

or oats, followed by the more permanent one of mixed grasses and clovers. 
If ensiled when the kernels are just past the milk stage or slightly 

earlier, the cereals make silage of fair to good quality. The crop should 

be run thru a silage cutter and unusual care taken in tramping down the 
mass to force as much air as possible out of the hollow stems. Hooper of 
the Kentucky Station® found rye silage relished by cows and not in- 
jurious to the flavor of the milk if fed several hours before milking. (636) 

“JU. S. Census, 1910. % Ala. Bul. 9. ’wKy, Exten. Cir. 31. 
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319. Minor northern grasses.—Canada bluegrass (Poa compressa) will 
yield fair pasturage or small crops of hay on poor or thin soil where 

Kentucky bluegrass fails. It withstands close grazing and is considered 
excellent for fattening cattle. This grass is important in Ontario and 

New York and is also abundant in Pennsylvania, the Virginias, and 
Maryland. 

Fowl meadow grass (Poa flava), a close relative of Kentucky blue- 
grass, thrives in the northeastern states on wet land subject to overflow 

where even red top and alsike clover are killed out. Hills of the Ver- 
mont Station’ reports yields on such wet meadows of 1.2 to 2.5 tons per 
aere of hay which is as well relished as upland hay. 

Meadow fescue (Festuca elatior), a tufted, long-lived perennial grass, 
is adapted to practically the same area as timothy, which excels it for 

hay. Tho it thrives best on rich moist land, the largest acreage is grown 
in eastern Kansas.** It is best as a pasture grass, starting growth early 
in the season and continuing till late in the fall. As the seed is high- 
priced, it is usually sown in mixture with other grasses for permanent 
pastures. 

Italian rye grass (Lolium multiflorum) and English rye grass (Lolium 
perenne) are short-lived, rapid growing perennials. Tho of great im- 
portance in Europe they are little grown in this country, except in the 
humid region of western Washington and Oregon, where they are among 

the best pasture grasses. 

Slender wheat grass (Agropyron tenerum), known in Canada as west- 
ern rye grass, the only native North American grass which has proved 
valuable under cultivation, is giving satisfaction in the northern plains 
district.?® 

320. Bermuda grass, Cynodon Dactylon—This low growing, creeping 
grass is to the cotton belt what Kentucky bluegrass and timothy combined 
are to the northeastern United States. Bermuda grass forms a dense, 
soil binding sod, which covers the southern fields with a carpet of green 
from April to October as pleasing to the eye of the stockman as it is to 
the animals grazing thereon. It serves best when closely grazed, as 
otherwise it becomes tough and wiry. Because of its aggressiveness, it 
drives most other grasses out in summer, but lespedeza or white clover 
will flourish in spots among this grass and improve the pasture. For 
winter pasture, when Bermuda fails, the Bermuda sod may be seeded to 

bur clover, hairy vetch, or Italian rye grass. (354, 359, 319) Piper?° 

states that good Bermuda pasture will carry 1 cow to the acre and the 
best mixed Bermuda and lespedeza pasture will graze 2 animals per acre 
during the summer. The Louisiana Station*? grazed 30 head of cattle 
of all ages on 17 acres of Bermuda grass pasture, mixed with other 
grasses and some lespedeza, with no other feed from March to November. 
Killebrew’ states that on the best alluvial soils 1 acre of Bermuda 

“Vt. Bul. 137. * Piper, Forage Plants, p. 219. ** La. Bul. 72. 
*Ten Hyck, Kan. Bul. 175. * Forage Plants, p. 248. “La. Bul. 72. 
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pasture will graze 10 sheep for 8 months. Bermuda pastures are best 
utilized by subdividing them and turning the stock from one lot to the 

other. Tho primarily a pasture grass, on rich soil Bermuda gives good 
yields of hay. While 3 to 4 tons of hay per acre have been secured in 

2 to 3 cuttings, according to Piper** the average yield does not exceed 
a ton per acre. (497, 625) The stout rootstocks when plowed up are 
readily eaten by hogs, and in the tropics, when the top growth is scanty, 

are often pulled up and fed to horses. 
821. Johnson grass, Andropogon halepensis.—In the South this rela- 

tive of the sorghums is the worst weed of the cotton planter and at the 
same time the best meadow grass for many sections.** Spreading by 

seed and vigorous creeping rootstocks, it ean be eradicated only with 

ereat difficulty, and hence it 1s not as a rule sown on clean fields. On 

rich soil in the southern states 3 cuttings of good quality hay may be 

secured, if cut before maturity. Six tons of Johnson-grass hay per 
acre are reported, tho the annual return usually ranges from 2 to 3 
tons. (497, 626) As the grass soon becomes sod bound, it should be 
plowed every 2 or 3 years. While this coarse grass is not well suited 
for pasture, it may be cut once each month for soilage during the sum- 

mer season. The rootstocks of Johnson grass are readily eaten by stock, 

especially hogs, fields sometimes being plowed in Texas to furnish 

winter feed.”° 
322. Sudan grass; Tunis grass.—Sudan grass (Andropogon sorghum, 

var.), a close relative of the sorghums, is a tall annual grass introduced 

into this country by the United States Department of Agriculture in 
1909. It closely resembles Johnson grass, but has broader and more 

numerous leaves and fortunately has no creeping rootstocks, so that it 

cannot become a pest. Sudan grass grows 6 to 10 feet high in cultivated 
rows, and 4 to 5 feet when sown broadcast. For so rank a grass the 

stems are fine, being seldom larger than a lead pencil. The hay is 
equal or even superior to millet and can be fed to all classes of stock 
without injury, and the plant is also well suited for soilage.*® In com- 
position it closely resembles timothy and Johnson grass. Thruout the 

northern states it yields only one cutting, but farther south it may be 
cut twice or even more. Sudan grass is adapted to the same conditions 

as the sorghums, and being drought resistant will doubtless prove one of 
the most valuable forage crops for the western portion of the plains 
region, from central South Dakota to Texas. According to Vinall,?’ in 
1913, with unusually severe drought, yields ranging from 1.25 to 5.0 tons 

were secured in this section without irrigation. As Sudan grass is a 
warm-weather grass it does not flourish at high altitudes or in the ex- 

2FWorage Plants, p. 242. 

2% Wing, Meadows and Pastures, pp. 355, 401. 

2% Piper, Forage Plants, p. 246. 

2 Piper, Forage Plants, p. 281. 

71. S. Dept. Agr., Farmers’ Bul. 605. 
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treme northern states. In the corn belt and in the east central states 
where alfalfa, clover, and timothy flourish, its chief value will be as 

a eatch crop in place of millet. Under irrigation in the Southwest 
yields of 7.8 to 9.8 tons have been secured, which indicates its value as a 

forage to feed with alfalfa.°* Along the humid Gulf Coast, Sudan grass 
does not thrive. Since this grass crosses readily with the sorghums and 
bears seed closely resembling those of Johnson grass, unusual care is 
necessary to ensure its purity. 

Tunis grass, another variety of Andropogon sorghum which has been 
recently introduced into this country, is less leafy and vigorous than 

Sudan grass, which so far has surpassed it in value for all sections.”® 
323. Japanese cane; sugar cane.—Because of its heavy yields, Japanese 

cane, a slender stemmed variety of the common sugar cane, Saccharum 

officinarum, is one of the cheapest forage crops that can be grown in the 
Gulf states, and possibly in southern California. Scott*® reports that in 
Florida it furnishes good pasture for cattle and hogs from November to 
March but is killed by grazing after growth starts in the spring. Stock 
first eat the green blades and then the stalks, leaving only the short 
stubble. The crop may be cured as dry fodder and makes good silage. 

Seott* states that yields of 25 to 30 tons of green forage per acre are 
not unusual. 

The tops and leaves of common sugar cane, removed on harvesting 

the cane, also make satisfactory forage for live stock. Dodson and Staples 

of the Louisiana Station*? state that cattle ate silage from sugar-cane 

tops well. They point out the great loss which occurs when this by- 
product is not utilized by feeding it to stock. 

324. Other southern grasses—Crab grass (Digitaria sanguinalis), an 
annual, weedy, volunteer grass, furnishes more forage in the Gulf states 

than any other grass. Springing up after early crops, it furnishes fair 

hay or good fall pasture.** Carpet grass (Axonopus Compressus), a 

perennial with creeping rootstocks, probably ranks next to Bermuda as 
a pasture grass for the southern half of the cotton-belt, being especially 
useful on damp lowlaads. 

Para grass (Panicum barbinode) is a coarse, tropical grass with stout 

runners which may reach 15 to 40 feet, taking root at intervals. It pro- 

duces several cuttings annually, yielding as much as 4 tons of hay per 

acre at a single cutting.** Guinea grass (Panicum maximum), a peren- 
nial with short creeping rootstocks, furnishes 4 to 6 cuttings in the 

Gulf region. Tracy* states that 1 acre of this grass will carry 4 head of 

eattle thru the season by soilage, or 3 head by grazing. Rescue grass 

(Bromus uwnioloides), a short-lived perennial, is probably the best grass 

for temporary winter pastures on rich land in the South. On such soil 

SU. S. Dept. Agr., Farmers’ Bul. 605. “La. Bul. 143. 

“U.S. Dept. Agr., Farmers’ Bul. 605. “ Hunt,Forage and Fiber Crops, p. 117. 

° Fla. Bul. 105. * Piper, Forage Plants, p. 254, 

“Wing, Meadows andPastures, p.360. “U.S. Dept. Agr. Farmers’ Bul. 300. 
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it grows large enough to be cut for hay.*° Natal grass (Tricholaena 
rosea), when once seeded in the Gulf section, volunteers from year to 
year, coming after early crops and producing excellent fall and winter 

grazing and good hay.** 
325. Wild and marsh grasses.—Along certain sections of the Atlantic 

coast are extensive salt marshes, the best of which are cut for hay at low 
tide, yielding 0.5 to 1 ton per acre. Lindsey**® of the Massachusetts 
Station found such hay from 10 to 18 per ct. less valuable than average 
mixed hay from the cultivated grasses for dairy cows. (627) In all 
humid regions of the country are large fresh water marshes, some of 
which are covered with the more nutritious true grasses, while in others 

the rushes and sedges predominate. Such marsh hay as blue joint, 

Calamagrostis Canadensis, cut before maturity, nearly equals timothy 

in value. 
The prairies of the Great Plains and the grazing ranges of the West 

support numerous native grasses that furnish excellent pasturage and 
hay equal to timothy when the growth is rank enough to be cut. (495, 
624, 761, 861) The sedges and rushes of the mountain states are richer 

in nutrients than those of the eastern states.*® 
326. Mixed grasses——No matter how valuable, no single variety of 

grass should be grown in permanent meadows or pastures, but always a 
mixture of several kinds in combination with the clovers. In the North 
a combination of red top, timothy, and orchard grass, together with alsike 
and medium red clover, will yield a larger tonnage of aromatic, palat- 
able hay than is possible from any single variety. The variety and 
proportion of grasses and clovers to be included in such a mixture will 
depend on climate and soil, and can not be discussed in this work. In 
ease of doubt as to the mixture to sow the stockman should consult the 
experiment station of his state, which understands the local conditions, 
and should also observe the growth of the different varieties on his own 
and adjacent farms. It must be remembered that the presence or absence . 
of sufficient plant food—nitrogen, phosphoric acid, potash, and lime— 
determines and regulates not only the yield of forage, but also, in large 

degree, the particular species or varieties of grasses and legumes which 

do or may grow in any given field. 
327. The abuse of pasturage.—Stockmen rely too blindly upon pastures 

for the maintenance of their cattle during half the year. But a few 
centuries ago the inhabitants of Great Britain trusted to the growth of 
natural herbage for the support of their stock not only in summer but 
thruout the entire year. If their animals, foraging for themselves as 

best they could, survived the winter, all was well; if they died from 
starvation, it was an ‘‘act of God.’’ We have abandoned the crude 

practices of our ancestors, and now carefully store in barns an abundance 

of feed for flocks and herds during winter’s rigor. We are amazed that 

3% Piper, Forage Plants, p. 257. % Mass. Bul. 50. 

37 Wing, Meadows and Pastures, p. 366. 2 Wyo. Bul. 78. 



THE SMALLER GRASSES—STRAW—HAY-MAKING 215 

our ancestors were so improvident as to gather no winter feed for their 
cattle. By turning cattle to pasture in spring and letting them forage 
as best they may until winter we show that all the barbaric blood has 
not yet been eliminated from our veins. If the summer rains are timely 
and abundant the cattle are well nourished on these pastures; if drought 
prevails they suffer for food as surely, and often as severely, as did the 
live stock of England in winter, ages ago. To suffering from scant feed 
there is added the heat of ‘‘dog days’’ and the ever-present annoyance 

of blood-sucking flies. Our stockmen will never be worthy of their eall- 
ing, nor their flocks and herds yield their best returns, until ample pro- 
vision is made against drought-ruined pastures in summer. 

The decline in yield of permanent pastures is often attributed to over 
grazing. This is undoubtedly a most important cause of the depletion 
of some of the western ranges, but heavy grazing is not necessarily in- 
jurious to pastures in humid regions. Carrier and Oakley of the Virginia 
Station*® found in a 5-year test that bluegrass pastures heavily grazed 
were more productive than those lightly grazed, as weeds were prevented 
from encroaching. Testing the effect of the often-recommended system 
of alternate grazing of pastures, they found insufficient increase in yield, 
measured by the gains made by the steers, to justify the extra expense. 
In America we have not begun to utilize our pastures as is done in 
Europe, where stock is still grazed on land worth several hundred dollars 
an acre. By proper fertilization, reseeding with suitable mixtures of 
grasses and clovers, and keeping down brush and weeds the productivity 

of pastures may be both greatly and profitably increased. 
Because of over-stocking and over-grazing under the system of free 

and unrestricted grazing, the carrying capacity of many of the western 
ranges has been seriously reduced. The day of the ‘‘all-year-round”’ 
open range is now almost past, and in its place has come a system under 
which, by the use of supplemental feed for periods of summer drought or 

winter storm, the natural forage is utilized much more wisely than be- 
fore. With ranges thus handled the enormous losses of cattle and sheep 
from starvation, which were all too common in the old range days, are 

prevented. The improvement under a rational system of grazing has 

been demonstrated on the grazing areas under the control of the United 
States Forest Service*? and by the studies of Thornber and Griffith at 
the Arizonia Station.*? Fencing or otherwise restricting the range, the 

development of convenient water supplies, the conservation of the range 
during periods of seed ripening and germination, and the prevention of 
soil erosion have greatly increased the carrying capacity of such areas. 

Thornber cites an instance where, 6 years after fencing, a range of over 
_ 25 square miles carried nearly twice as many cattle as before fencing. 

The animals also kept in excellent condition thruout the year, while 
formerly they lost weight rapidly during the winter and occasionally 

__ some died from shortage of feed. 

“Va. Bul. 204. “Barnes, Western Grazing Grounds. @ Ariz. Bul. 65. 
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Il. Srraw AND CHAFF 

As the cereals and other plants mature, the nutrients which have been 
built up in the green portions of the plants are in large part stored in 
the ripening seed, thus exhausting the stems and leaves of easily digested 
nutrients and leaving in them the resistant woody fiber, or cellulose. All 
straws are therefore much lower in nutritive value than the same plants 
cut for hay before maturity. The feeding value of each class of straw 
may differ widely, depending on the stage at which the crop was cut, 
the care with which it was cured, and the amount of the more nutritious 

grasses and weeds present. 

328. Straw and chaff of the cereals.—Straw is poor in crude protein 
and fat, and high in woody fiber, or cellulose, a carbohydrate that re- 
quires much energy for its digestion and disposal. (80) Accordingly, 

it should be fed but sparingly to animals at hard work, fattening rapidly, 
or giving a large flow of milk. For animals at light work, fattening 
slowly, or giving only a little milk some straw can often be advantageous- 
ly used. Straw is particularly useful in winter with horses that are idle 
and cattle that are being carried over without materially gaining in 
weight. Heat is one of the requirements of such animals, and the large 

amount of energy expended in masticating, digesting, and passing straw 

thru the body finally appears as heat which helps warm the body. (501, 

502) The stockman who understands the nature and properties of straw 
will usually be able to make large use of it. In Canada and Europe 

pulped roots and meal are often mixed with straw, which is cut or 

‘‘chaffed,’’ and the moist mass allowed to soften and even to ferment 
slightly. It is then readily consumed in large quantities by cattle and 
sheep with satisfactory results. In many districts of Europe horses are 

fed eut straw mixed with their concentrate allowance. In trials at the 
Indiana Station, Skinner and King found that oat straw was as satisfac- 
tory as clover hay for satisfying the desire for dry roughage of steers 

otherwise fed shelled corn, cottonseed meal, and corn silage. When fed 

with corn silage, oat straw is equal to corn stover for fattening lambs. 

(778, 862) 
Oat straw with its soft, pliable stems is the most nutritious, followed 

by barley straw. Wheat straw, being coarse and stiff, is not so readily 
eaten by cattle, tho spring-wheat straw is of more value than that from 
winter wheat. Rye straw, harsh and woody, is better suited for bedding 

than for feed. The chaff of wheat and oats contains more crude protein 
than does straw, and forms a useful roughage when not unduly con- 

taminated with dust, rust, or mold. 
329. Straw from the legumes and other plants.—Straw from the le- 

gumes contains considerably more crude protein and less fiber than 

that from the cereals and is more digestible. In a trial by H. W. Mum- 

ford at the Michigan Station** field-bean straw proved superior to oat 
straw for fattening lambs. Carmichael of the Ohio Station** found that 

“ Mich. Bul. 136. “Ohio Bul. 245. 
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lambs fed corn and linseed meal made better gains on soybean straw than 

on corn stover, tho refusing 41 per ct. of the soybean straw. Field-pea 
straw, with its finer stems and often still carrying some seed has a high- 

er value than the coarser straw from field beans or soybeans. While 
not especially desirable, flax straw may be fed in the absence of better 
roughage. The statement that the stringy fiber of flax forms indigestible 
balls in the stomachs of farm animals is unwarranted, since it is digested 

the same as other fibrous matter, such as the lint of cotton and the pith 

of corn stalks. Green colored straw from immature flax plants should 
be fed with extreme caution, as it may contain large amounts of prussic 

acid. Ince of the North Dakota Station*® found the amount of this 

poison in straw or chaff from ripe flax plants so small that it could not 
cause trouble if fed in moderate amounts. Straw containing considerable 
flaxseed or weed seeds has increased value. Wilson of the South Dakota 
Station*® advises against feeding flax straw to pregnant animals. 

Buckwheat straw is of low value and may cause digestive disturbances 
if fed in large amount.*7 Nelson of the Arkansas Station*® states that 

properly cured rice straw is excellent for stock. 

III. Hay-MAKING 

Thruout the temperate regions hay from the grasses and legumes 
serves as the common roughage for all the larger animals that produce 

food or perform labor for man. The conversion of green forage into 
hay must have been the first great step in changing the nomad herdsman 

into the farmer-stockman. In the United States for the year 1914, over 
49,145,000 aeres of land produced 70,071,000 tons of hay worth on the 

farm $779,068,000.*° 
330. Nutritive value of dried grass.—To determine the effect upon its 

feeding value of drying young grass Armsby”’’ conducted a trial at the 

Wisconsin Station and a later test at the Pennsylvania Station. In the 
Wisconsin experiment the grass was cut when 9 to 10 inches high, and 

in the Pennsylvania trial short grass was cut with a lawn mower. In 

each case half the grass was fed fresh to a cow, and the other half later 

fed to the same cow after being carefully dried in the sun on canvas 
in the first trial, and in the second, over a steam boiler. There was no 

difference in the amount either of milk or butter fat produced on the 
dried and the fresh grass, showing that perfectly dried grass yields as 

much nutriment as when fed in the fresh condition. In actual hay mak- 
ing, however, more or less of the finer portions of the plant is always lost. 

Exposure to the sun reduces the palatability by bleaching and causes 

a loss of aromatic compounds, dew works injury, and rain carries away 
the more soluble portions. (56) Thus, while the dried grass may theo- 
retically equal the fresh forage, in practice it falls short. 

*“N. D. Bul. 106. * Ark. Bul. 98. 

“Breeder’s Gaz., 59, 1911, p. 19. “U.S. Dept. Agr., Yearbook 1914. 

“Pott, Ernahr. u. Futter., II, p. 329. * Penn. Rpt. 1888. 
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Stockhard*? cured one sample of meadow hay in 3 days and left 

another in the field for 13 days in alternate wet and dry weather. 
Analysis showed that the weathered hay had lost 12.5 per et. of its total 
dry substance, representing one-fourth of its original nutritive value. 
Mircker®* found the loss in meadow hay exposed to prolonged rain to 
be 18.4 per ct. of the dry substance. Even greater losses occur when 
legume hay is exposed to rain. According to Wolff** 40 per et. of the 
dry matter of clover hay may be extracted by cold water. Headden at 

the Colorado Station®* analyzed alfalfa hay before and after exposure to 
3 rains, aggregating 1.8 inches, with the following results: 

Composition of alfalfa hay before and after exposure to rain 
Crude protein Fiber N-free extract Fat Ash 

Per ct. Per ct. Per ct. Per ct. Per ct. 

Hay not rained on.... 18.7 26 .5 38 .7 339 12.2 
Hay damaged by rain. 11.0 38.8 33 .6 3.8 127 

It will be noted that the damaged hay contained much less crude 

protein, considerably less nitrogen-free extract, and much more fiber. 
Of the original nutrients 60 per et. of the crude protein, 41.0 per et. of 
the nitrogen-free extract, and 33.3 per ct. of the fat,—or 31.7 per ct. 
of the total dry matter was lost. The actual damage was even greater, 

for the nutrients lost were those most soluble and hence most easily 

digested. 
331. Hay-making.—The widely varying character of grass and legume 

crops, the dryness and the temperature of the soil of the meadows, the 
humidity of the atmosphere, and the intensity and continuity of sun- 
light and heat, are all modifying factors that combine to make the ecur- 

ing of forage crops into hay one of those arts which cannot be very help- 
fully discussed in books. However, it is highly important to understand 
the principles underlying hay-making and have in mind the procedures 
under the leading systems. Each ean then adapt his practice to his own 

conditions. 
In curing hay under ideal conditions, 3 different processes take place 

which are well summarized by Piper:*> (1) A reduction in water 

content to about 15 per et. (ranging from 7 per ct. to 25 per et.), (2) 
fermentations of the hay produced by enzymes, which usually develop 
a characteristic aroma, (3) more or less bleaching, due to destruction of 

the green chlorophyll by sunlght, the bleaching being increased by the 
action of the dew. 

The ends sought in making hay are to secure bright green color, good 
aroma, retention of the leaves and other finer parts (especially in 

legumes), and freedom from dust and mold. 

When it is desired to secure prime hay without regard to expense, it 
is mown as soon as the dew is off in the morning, allowed to lie in the 

" Wolff, Farm Foods, Eng. ed., p. 155. 5 Colo. Bul. 111. 

2 1HOGC. Clits % Horage Plants, p. 24. 

% Farm Foods, Eng. Ed., p. 160. 



THE SMALLER GRASSES—STRAW—HAY-MAKING 219 

swath until dry on the surface, then turned, if heavy, by hand or by 
hay tedder, or raked into loose windrows. Before the dew falls, it is 

bunched into well-made cocks and, if sufficiently cured so that it will 

not mold, is allowed to remain until it has passed thru a sweating pro- 
cess. With legume hay it is well to protect the cocks from rain by hay 

eaps. After sweating, it is usually necessary to open the cocks carefully 
and in large flakes to avoid shattering the leaves. These flakes rapid- 
ly give off their moisture, which by this time has spread evenly to all 
parts, and the hay is soon ready for the barn. Where the hay was green 

or damp with rain when cocked, it may be necessary to open the cocks 
the next morning, recocking before nightfall if still not dry enough. 

By this system the hay is exposed but little to the bleaching action of 

the sun and dew, and there is no marked loss of aroma, which, tho un- 
weighable, has real value in rendering hay palatable. Before the partly 
dried plants are piled into cocks, the leaves will have dried out more 
than the stems. As the leaves and stems remain alive for some time 
after having been severed by the mower, if the hay is cocked before the 
leaves are entirely dried out and thereby killed, they will continue to 
draw water from the stems. This process is especially important with 
the legumes, which have thick stems that are usually quite succulent, 
while the leaves dry rapidly and become brittle and shatter badly. Hay 
cocked in the afternoon entraps much warm air, and the mass remains 
in a condition favorable to the transpiration, or giving off, of moisture 

during the mght. The heat yielded by the plant while still carrying 
on its life functions and the warm air entrapped by grass gathered in 
the afternoon should not be confused with the heat which may develop 
in partially cured or damp hay thru fermentation, caused by molds 
and bacteria. 

Hay put into the barn when so dry that it will not pack well, is not 
in first class condition. It should be mowed away with just that amount 
of moisture which allows it to settle compactly when treaded down. Salt 

and lime scattered over hay when put into the mow tend to prevent 
fermentation and check the growth of molds. Salt also renders it more 

palatable. These materials are not essential, but are helpful, especially 
when storing partially cured hay during bad weather. Damp hay may 
be improved by placing it in alternate layers with dry straw. The straw 

absorbs moisture as well as aroma from the hay, so that cattle the more 

readily eat both straw and hay. Hay from second-growth grass, or 

aftermath, is rich in nutrients, but it is made at a time when the ground 
is often damp and cool, the days short, and the heat of the sun weak. 

This combination renders the curing of aftermath difficult, and the prod- 
uct is apt to be of less value than first-crop hay. Cured under favor- 
able conditions, aftermath hay is excellent. 

New-made hay is laxative and should not be fed to horses, since it 
makes soft flesh and may cause colic. Not until the sweating process has 
been completed in the mow and the mass cooled off can new-crop hay 
be fed with entire safety. 
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332. Making hay under favorable conditions.—On farms where large 
acreages of hay are made, it is often unprofitable to cure the crop in 
cocks, owing to the labor involved, even tho better hay is thus secured. 

Under a system often followed the hay is mown in the morning and by 

frequent tedding and turning is housed before the dew falls at night. 
When the weather is very dry, even clover and alfalfa, if dry on the sur- 

face of the swath, are often raked directly into small windrows by a 

side-delivery or other rake, without previous tedding. After curing 

here for a few hours the hay is loaded from the swath by the hay loader, 

or, in the West, 1s hauled to the stack with a sweep rake. 
Another method is to cut the crop late in the afternoon so that the 

dew will not materially affect the plants during the night, because they 
are but little wilted. Even should rain come it will eause far less in- 
jury than if the plants were partially cured. The following day, by aid 

of tedder or rake, the drying is hastened as much as possible, and the 

hay placed under cover or in the stack before night. 
When these methods are followed with the legumes, it is impossible 

to avoid much loss of the leaves, for when curing in the swath or windrow 
the leaves become dry and brittle long before the stems are dry enough 
to allow the hay to be stored. Headden of the Colorado Station®® found 

that 40 to 60 per et. of the weight of the alfalfa plant is in its leaves, 
which carry four-fifths of the crude protein and over half of the nitrogen- 

free extract and fat. Three-fourths of the fiber, or woody portion, of 
alfalfa is in the stems. He further found that in the dry climate of 

Colorado, with all conditions favorable, for every ton of alfalfa hay taken 

off the field not less than 350 Ibs. of leaves and stems was wasted, and 
with unfavorable conditions and careless handling there was a loss of as 

much as 3,000 lbs. In other words, it is possible for more hay to be 

lost than is garnered. 

In dry climates, to avoid undue loss of leaves and yet save the labor 

involved in cocking the hay by hand, especially with alfalfa and clover, 

the hay is not allowed to cure long in the swath, but is raked into wind- 

rows in the afternoon and allowed to remain there over night. The 
next morning after the dew is off the hay is bunched with a rake and 

should be ready to haul by afternoon.‘ 

333. Aids in curing hay.—Besides hay caps to protect the cocks of cur- 

ing hay from rain, especially with such crops as cowpeas and peanuts 
which are thick stemmed and succulent, devices are often used, under 

unfavorable weather conditions, to allow the air to penetrate the cocks.** 

The simplest is the perch, which is a stake about 6 feet high with cross 
arms 2 to 3 feet long. This is driven into the ground so that the cross 
arms do not touch the earth, and the green or partly-cured plants are 
then piled on the frame so as to make a tall, slender cock. A somewhat 

* Colo. Bul. 110. 

“ Jardin and Call, Kan. Bul. 197. 

*“ Adapted from Piper, Forage Plants, pp. 26-28. orreamion 
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more elaborate device, the pyramid, consists of 3 or 4 legs joined at the 

top and sometimes shaped so they can be driven firmly into the ground. 
This permits of making a larger cock with an air space in the interior. 
Other frames combine the characteristics of the perch and the pyramid. 
Often such crops as cowpeas are stacked before thoro curing, rails 

supported at the ends being used to separate the stack into layers with 
air spaces between. 

In Mississippi when the heavy rainfall menaces some of the alfalfa 
cuttings Gurler®® constructs sleds of boards and secantlings, about 5 by 
5 feet, on which the alfalfa, cured as much as possible, is cocked and 

covered with muslin caps. These large cocks usually remain untouched, 
or when the alfalfa is very green when cocked they may be opened out in 

flakes to dry the more quickly. When cured, the cocks, still on the sleds, 

are drawn direct to the barn or baler. 
334. Brown hay.—Where weather conditions render it impossible to 

make good hay by the usual methods, the crop may be preserved as 

““brown hay.’’ The fresh-cut material may be made into cocks at once, 
each layer being thoroly compacted by tramping. The curing is brought 
about by the fermentation which takes place in the moist mass. After 
the cocks have stood for 48 to 60 hours they are opened out for a time to 
allow the vapor to escape, and the brown hay may then be safely housed. 
More commonly the crop is somewhat cured in the air and then piled in 

compact stacks where it remains until fed. The crop must not be too 
dry when stacked or it can not be packed firmly enough, and the undue 
amount of air present permits the fermentation to produce sufficient 
heat to char the mass. If the crop is too green, it will not cure, but be 
converted into stack silage. Pott®® recommends stacking when about 
one-fourth of the water has been lost by curing. At this stage it will 
not be possible to wring any water from a wisp of the grass stems. The 
erop should not be stacked when wet with rain or dew. 

The product will vary in color from dark brown to nearly black, 
depending on the extent of the fermentation. The darker the color the 
lower will be the feeding value. Brown hay of good quality has an 
aromatic odor and is well liked by stock. However, as the losses of 

nutrients are greater than when the crop is cured into hay by the usual 
methods, the process can be recommended only when the weather is 
unusually unfavorable. 

335. Spontaneous combustion.—It is now generally conceded that 
spontaneous combustion may occur in partly dried clover or grass. Hoff- 

mann" states that when hay heats, oxygen is taken from the air, and 
organic matter is transformed into carbon dioxid and water. The water 
thus formed further moistens the hay, which then ferments, owing to 
the presence of bacteria. The first fermentation may cause a tempera- 

ture of 133° F., and this leads to a higher one of about 194° F. When 

® Information to the authors. "Hixpt. Sta. Rec., 10, p. 880. 

©Hrnahr. u. Futter., I, 1904, p. 211. 
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this temperature is reached, the hay heats still more and charring goes 

on rapidly. All these processes together destroy at least half of the 

material present. According to tests, clover hay will ignite at 302° to 

392° KF. The temperature may become sufficiently high for sponta- 

neous combustion, which is indicated by the hay becoming darker in color 
and finally black, by sooty odors, and by smoke. It is probable, tho not 
certain, that spontaneous combustion does not occur in partially dried 

clover or grass even if quite damp, provided it carries only its own 

natural moisture. Spontaneous combustion generally, and possibly 
always, occurs in stored or stacked hay that carries external moisture in 

the form of dew or rain. The trouble is best avoided by never placing 
hay material in stack or barn when it carries excessive moisture or is 

wet with dew or rain. When curing hay heats dangerously high it 
should be compacted and covered with other material and all other 

possible means taken to shut out the air. 
336. Measurement and shrinkage.—Woll™ states that 420 cubic feet 

of timothy or 500 of clover hay in the mow equals 1 ton. Wheeler and 

Adams of the Rhode Island Station® found that field-cured, mixed red 
top and timothy hay, containing from 25 to 29 per et. water when placed 

in the barn, showed a shrinkage of from 15 to 20 per ct. of the original 
weight when later removed. Jordan of the Pennsylvania Station®* found 
that timothy hay stored in the mow shrank on the average 22 per ct. and 

red clover 37 per ct. Wilson of the Arizona Station® found the shrinkage 
of stacked alfalfa hay to range from 11 to 23 per ct. Sanborn of the 

Missouri Station®® estimates that a hay stack 12 ft. in diameter has 33 
per ct. of its contents in the surface foot where it is more or less exposed 
to the weather. A stack of second-crop clover lost 30 per ct. in weight 
between early August and the following March, 17 per ct. of this loss 

being water and 13 per ct. dry matter. 

* Handbook for Farmers and Dairymen. 

*%R. 1, Bul. 82. “Penn. Bul. 5. “Ariz. Rpt. 1907. “Mo. Bul. 25, Ist series. 



CHAPTER XIV 

LEGUMINOUS PLANTS FOR FORAGE 

The cereal grains and the grasses are all rich in carbohydrates com- 

pared with crude protein, and thus serve primarily as sources of energy 

and fat in nourishing animals. The legumes comprise the great group 
of food-bearing plants characterized by their high content of crude pro- 
tein, and therefore serve especially for building the muscles and the other 

protein tissues of the body. (92-4) Their great value is due not only 
to this but also to their richness in lime (97-8), which is required in 

large amounts by growing animals and those which are pregnant or 
giving milk. (See Appendix Tables I and VI.) 

The leguminous roughages are therefore admirable supplements to 

the cereal grains, and stand in marked contrast to forage from corn, the 

sorghums, and the smaller grasses, all of which, if cut when nearly 
mature, furnish forage low in erude protein and only poor to fair in 
lime. Thru the proper utilization of roughage from the legumes the 
amount of concentrates needed to provide balanced rations for farm 

animals may be greatly reduced. Indeed, for many classes of animals 

merely legume hay and grain from the cereals furnish a most satisfac- 

tory combination. When to these vitally important facts we add the 
great basic one, that the generous and continuous growing of legumes 
is absolutely essential to the economical maintenance of soil fertility, 

then, and only then, do we begin to appreciate the importance of this 
beneficent group of plants in husbandry. In considering the legumes 
it must be kept in mind that these crops flourish and build up the nitro- 
gen content of the soil only when the proper nodule-forming bacteria 
are present in the soil. Where these nitrogen-fixing germs are lacking, 

it is essential that the soil be inoculated by some means. 

I. ALFALFA 

337. Alfalfa, Medicago sativa.—The alfalfa plant is at its best in the 
great semi-arid plains region covering the western half of the United 
States, where the alkaline soil is usually rich and deep, with perfect 
drainage. When amply watered by irrigation and energized by the 
tropical sun of summer, alfalfa here furnishes from 2 to 5 cuttings each 
season, yielding a total of from 2 to 5 tons of nutritious hay per acre. 
In the hot irrigated districts of the Southwest as many as 9 to 12 cut- 
tings have been secured in a single season. Within the humid region, 
experience is fast locating districts scattered from Louisiana to. Maine 
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where this plant, which requires a deep, well-drained soil, rich in lime, 

may be profitably grown. Alfalfa thrives under irrigation in hot semi- 
arid climates, but languishes when high temperature is combined with 

a humid climate, except where soil conditions are unusually favorable. 

Marked success is obtained with alfalfa on certain soils in the lower 
Mississippi valley where the annual rainfall exceeds 50 inches, but in 
general a rainfall of over 40 inches is unfavorable to the crop.’ Where 
soil and climate are suitable, this long-time perennial returns good crops 
for many years without reseeding. 

The acreage of alfalfa in the United States doubled during the de- 
cade 1899 to 1909, and in the states east of the Mississippi River it in- 

creased over eight-fold. The reason for this surprising advance is re- 

vealed in the following table, which gives the average yield per acre 

in 1909 thruout the United States from alfalfa, clover, timothy, and 

COLI. 

Returns por acre of alfalfa and other crops 
Dig. carbo- 

Yield Dry Diy.crude hydrates Net, 
per acre matter protein and fat energy 

je Lbs, Lbs. Lbs, Lbs, Therms 

Alfalfa hay............. 5,040 4,632 529 2,143 1,734 
Clover hay............. 2,580 2,185 183 1,080 896 

Timothy hay........... 2,440 2,118 6% 1,106 819 
Corn (ears and stover).. 3,440 2,604 140 1,824 1,762 

The table, computed from the average returns for the whole country, 

shows that alfalfa produced by far the largest yield of dry matter per 

acre of all forage crops generally available, even 80 per ct. more than 

corn, the king of forage plants. More striking still is the faet that 

alfalfa produced almost 3 times as much protein as clover and nearly 
4 times as much as corn. It excelled corn in yield of digestible carbo- 

hydrates and fat (fat being multiplied by 2.25), tho owing to the high 

net energy value of the corn grain, the corn plant surpassed alfalfa 

in yield of net energy. 

Even in the eastern states, larger’ returns are possible from alfalfa 
than those given above. Voorhees of the New Jersey Station’ reports 
a yield of 26.6 tons of green alfalfa forage per acre from 5 cuttings. 
This contained 11,785 Ibs. of dry matter and 2,328 Ibs. of crude protein, 

or aS much as is contained in 7.3 tons of wheat bran. 

338. Alfalfa for hay.—The recommendation often made, that alfalfa 
he cut for hay when about one-tenth in bloom, is not a safe rule, especially 

in the eastern states, where this plant often has but few blossoms. A 

better guide is to cut for hay as soon as new shoots are well started at 

the crown of the plant. Cutting late reduces the next crop, for many 
of these shoots will have grown so long as to be clipped by the mower. 
By harvesting the crop at this early stage the maximum yield is usually 
obtained, and the hay is more leafy and palatable, with no undue amount 

‘Piper, Forage Plants and their Culture, p. 310. * Forage Crops. 
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of fiber. Such hay is suitable for all farm animals except horses, for 

which late-cut hay is preferable, since, tho less nutritious, it is less 
‘‘washy.’’ (506) 

Alfalfa hay is richer than red clover hay in digestible crude protein, 
but is lower in fat and contains slightly less digestible carbohydrates. 

Respiration experiments tend to show that clover hay furnishes slightly 
more net nutrients than alfalfa hay. Appendix Tables I, II, and III 
show that early-cut alfalfa hay is higher in crude protein and lower in 

fiber and more digestible than that from more mature plants. In making 
alfalfa hay it is especially important to guard against the loss of the 

leaves, which are the most valuable portion of the crop. (382) Widtsoe 
at the Utah Station® shows that while the leaves and flowers of alfalfa 
eut in early bloom make up only about 43 per et. of the hay, they con- 
tain over two-thirds of all the crude protein and nearly three-fourths 
of all the fat in the crop. 

The relative value of the different cuttings of hay will depend on the 

climatic conditions. Except for horses the finer stemmed, more leafy 
hay is to be preferred to that which is coarser. Carroll of the Utah 
Station* found no marked difference in the value of first, second, and 
third crop alfalfa for milk production. (610) In certain sections of 

the West, wild foxtail, or squirrel tail grass, Hordeum jubatum, injures 

the quality of the first cutting on account of its objectionable beards. 
As this grass makes palatable hay when cut early, the crop may be 
harvested then or may be ensiled, which will soften the beards. 

339. Feeding alfalfa hay.—Owing to the fondness of horses for alfalfa 
hay their allowance should be restricted lest they gorge themselves 
thereon. Fed in proper amount alfalfa hay has given satisfaction as 
the sole roughage even with horses at rapid work. (506) The fattening 
of cattle and sheep in the western states has been revolutionized by the 
use of alfalfa hay, due to the large and economical gains secured when 

this nitrogenous roughage is combined: with the carbonaceous grains 
and perhaps silage or wet beet pulp. (766-8, 857-9) From the few direct 

comparisons that have been made of the relative value of alfalfa and 
red clover hay for fattening animals, we may conclude that these rough- 
ages have about equal value for that purpose, and that the real 

superiority of alfalfa lies not in the greater nutritive value of the hay, 
but rather in the larger yields. Breeding and stock cattle wintered on 

this nutritious hay, preferably with corn silage in addition, will more 
than maintain their weight. Cottrell of the Kansas Station® reports 
that heifers wintered on alfalfa hay alone made an average gain of 1.2 
lbs. per head daily, returning 104 lbs. increase for each ton of hay fed. 

(797-8) For breeding ewes alfalfa hay is equally satisfactory. (884) 
For the dairy cow alfalfa hay is a most excellent feed, since it is 

rich not only in crude protein but also in mineral matter, especially 
lime, which is required in large amount in milk production. (610) It 

*Utah Bul. 48. *Utah Bul. 126. °Kan. Bul. 114. 
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also has a beneficial laxative effect. The statement is sometimes made 
that alfalfa hay is fully equal to wheat bran for the milch cow. A 

comparison of the digestible nutrients and net-energy value of these 
feeds will show that the hay contains only about nine-tenths as much 

digestible crude protein as bran, and over 3 times as much fiber. (218) 
Because of this alfalfa hay furnishes only about 70 per et. as much net 
energy as bran. It is therefore not surprising that in trials at the New 
Jersey Station® alfalfa hay could not entirely replace bran, cottonseed 
meal, ete., with cows giving a large flow of milk. The coats of cows fed 

alfalfa hay in place of all the concentrates were less smooth and glossy 

than those getting some meal as a part of their ration. When alfalfa 
furnished as much as 60 per ct. of the crude protein usually supphed 
in the form of bran, cottonseed meal, etc., there was some shrinkage in 

milk flow, but a financial saving of over 25 per et. in the feed cost of 

producing the milk. (611-2) 
Alfalfa hay ean be largely employed in maintaining shotes and 

breeding swine during winter. Cottrell’ states that brood sows wintered 
on alfalfa hay with no grain farrowed large, healthy litters of pigs in 

the spring. Even for fattening pigs numerous trials show that a limited 
amount of alfalfa hay aids in producing cheap gains. (1010) 

340. Pasturing alfalfai—Alfalfa is not primarily a pasture plant, for 

it grows from buds on the crowns instead of by a lengthening of the lower 
parts of the stems and blades, as with the grasses. Especially in humid 

regions grazing is apt to injure the stand. Cattle and sheep on alfalfa 
pasture are, moreover, subject to bloat. Nevertheless, this crop furnishes 
such nutritious pasture that it is grazed on many farms even in the east- 

ern states. To avoid serious injury to the stand, fields should never be 

pastured until they have become well established and animals should be 
kept off when the ground is frozen, soft, or muddy. Heavy stocking 
of the pasture is decidedly injurious, especially with horses and sheep, 
which gnaw the plants to the ground. Since certain parts of a field 
are always more palatable to stock and these are grazed closely while 
other spots are passed by, Wing® advises a combination of pasturing 
and mowing. The area to be pastured is divided into 3 lots, and after 

the stock have eaten a considerable part of the crop on the first they are 
turned onto the second lot, the alfalfa remaining on the first being cut 

for hay. When the first lot has grown to about the blooming stage it 
is again grazed. Except where mild winters prevail, alfalfa should be 
allowed to grow to a height of 6 to 12 inches in the fall for winter pro- 
tection. 

Alfalfa pasture is especially suitable for horses and pigs, which ar 
not subject to bloat. Gramlich of the Nebraska Station® found that 
horses fed hay at noon only and turned on alfalfa pasture at night 
stood hard farm work as well as others which were dry-fed. For colts 

°N. J. Bul. 204. * Alfalfa Farming in America, p. 337. 
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and young horses the succulent alfalfa, rich in protein and mineral 
matter is especially helpful. (509) This pasture is the foundation of 
cheap pork production on thousands of farms. (984-5) 

The danger to cattle and sheep from bloat varies greatly with climate 
and other factors. Tho it is always present in some degree, in such 
sections as the irrigated districts of the Southwest, but trifling loss is 
experienced. Sheep are more subject to bloat than cattle. The follow- 
ing methods advocated by Coburn’? and Wing" will aid in avoiding 

bloat, tho no procedure is absolute insurance against loss: For perma- 
nent pasture sow with the alfalfa, bluegrass, brome grass, or some other 
grass adapted to your conditions. Use upland in preference to lowland 
for pasture, and have a constant supply of water for the stock. Frosted 

alfalfa is especially dangerous, but in the late fall after the crop has 
dried it may be grazed again. Before turning animals on alfalfa for 
the first time, allow them to fill up on grass pasture, with grain in 
addition, if they have been accustomed to it. Then in the middle of 

the forenoon, when they do not care to graze longer, turn them on the 
alfalfa. Tho some advise allowing the stock to graze only a few minutes 
the first day and gradually increasing the length of time on the following 
days, it is probably safer to keep them on the pasture continuously, for 
they will then never consume undue amounts at one time. Watch the 

stock closely for the first few days and remove permanently those animals 
which exhibit symptoms of bloat, for individuals show great differences 
in their susceptibility to the trouble. The Miller and Lux Co., who 
graze thousands of cattle on alfalfa in the San Joaquin Valley, Cali- 
fornia,!? when starting cattle on alfalfa pasture cut part of a field and 
turn the cattle upon this portion after the alfalfa is half dry. Then 

after they are well filled they are allowed to eat whatever of the green 

erop they wish. 
341. Alfalfa for soilage—Alfalfa is one of the most valuable of all 

soiling crops, owing to the large yields and the fact that under proper 

management it will furnish rich succulence thruout the entire summer. 
Considerably more forage may be obtained from a given area as soilage 
than animals gather by grazing. In a trial with dairy cows by Lyon 
and Haecker at the Nebraska Station’® only half as much feed was 

secured when alfalfa was pastured as when the crop was cut and fed 
as soilage. Voorhees of the New Jersey Station’* reports that the first 
cutting is ready about the last of May or the first of June, with 3 cuttings 

following at intervals of from 4 to 6 weeks. In certain hot irrigated 
sections of the West where no satisfactory grass pastures can be pro- 
vided in summer, dairy cows are often maintained for most of the year 
mainly on alfalfa, fed as soilage. In the Sacramento valley many herds 

are fed 30 to 40 lbs. of green alfalfa per head daily with what alfalfa 
hay they will eat, but no concentrates. The allowance of alfalfa soilage 

The Book of Alfalfa, pp. 109-119. 2 Information to the authors. 
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may even be increased to 50 Ibs., which amount will furnish nearly 2 lbs. 

of digestible crude protein.’’ Alfalfa alone makes a very narrow ration, 

the nutritive ratio being 1: 4.0 or less. Undoubtedly larger production 
would be secured were some carbonaceous concentrate added. Whether 
this would be profitable, however, would depend on the relative price of 

the feeds. Complaints have been received from practical dairymen that 
this one-sided ration tends to abortion and other troubles. In Europe 
where soilage is commonly fed to horses in summer alfalfa is the most 
popular ecrop.*® Whether it will prove profitable to feed alfalfa as 

soilage rather than to graze it will be determined by the relative cost 
of land and labor. 

342. Alfalfa silage—aIn many instances alfalfa is ensiled with entire 
success, but often poor, vile-smelling silage is produced. The difficulty 
seems due to the high protein content of the crop compared with the 
small amount of sugars, from which the acids necessary to preserve the 

silage may be formed. (404) True** reports the successful ensiling of 
alfalfa at the Nevada Station during 4 successive years. If the crop 
was somewhat dry when put into the silo, water was added. (783) Favor- 

able results have been secured when alfalfa has been ensiled with green 

rye or wheat cut when just past the milk stage, when they are rich in 
sugars. Esten of the Connecticut (Storrs) Station!® suggests that the 
third cutting of alfalfa may be satisfactorily ensiled with green corn 
or sorghum. Owing to the palatability of good alfalfa hay, whenever 
the crop can be cured in a satisfactory manner there is little reason for 

ensiling the crop, especially in view of the fact that either corn or the 
sorghums are reliable silage crops in nearly all sections of the country. 

In the West where foxtail, with its troublesome beards, sometimes greatly 
injures the quality of the first cutting, it may be profitable to ensile the 

crop. (338) Alfalfa should be ensiled just as soon after cutting as 
possible and should preferably be cut into short lengths so that it may 
be well packed. When it is impossible to avoid undue curing, it should 
be ensiled with dew on it or water should be added. 

343. Types of alfalfa—Besides the common alfalfa, which is the type 
chiefly grown in the United States, various other types are of importance 
in certain sections. Turkestan alfalfa is indistinguishable from ordinary 
alfalfa in growth. Tho inferior in the humid regions, the concensus of 

opinion in semi-arid regions is that it is somewhat superior to the common 
type in drought and cold endurance. Arabian and Peruvian alfalfa are 
rapid growing, tender strains, which have an unusually long growing 

season. In the irrigated districts of the Southwest these types are valu- 
able. Several strains of yellow-flowered, sickle, or Siberian alfalfa 
(Medicago falcata), some of which produce rootstocks, have been intro- 

duced into the northern plains district. This type is especially hardy 
and promises to be of value in climates too severe for the common type. 
The term variegated alfalfa, or sand lucern, is applied to hybrids of the 

oN. J. Bul. 148. “Information to the authors. 
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common and Siberian types, which are exceptionally drought resistant 
and hardy. 

344, Alfalfa meal and feed.—The manufacture of alfalfa meal (ground 
alfalfa hay) and various feeds containing more or less of this material 

has increased rapidly of late. Alfalfa meal varies in fineness from a 
product nearly as fine as corn meal to a coarsely chopped or shredded 
material, containing pieces half an inch in length. Compared with hay 
the meal is easier to transport to distant markets, there is somewhat less 
waste in feeding it, and for animals having poor teeth, or horses worked 
long hours, the grinding is undoubtedly beneficial. (507) The bulky 
meal is also helpful in diluting heavy concentrates, which, if carelessly 

fed, may cause digestive disturbances. For these reasons alfalfa meal 

has a legitimate field. However, grinding ever so finely will not trans- 

form a roughage into a concentrate. As shown elsewhere (424), with 

animals having good teeth and ample time to masticate their food, 

grinding hay does not increase its digestibility. Owing to the great 
palatability of well-cured alfalfa hay but little is refused when it is fed 
long. Unfortunately, it is impossible to determine without chemical or 
microscopic analysis whether alfalfa meal has been made from nutritious, 
leafy, early-cut hay or from over-ripe, stemmy material. Hence the meal 

should be purchased on guarantee of composition, special attention being 

paid to the fiber content, which in first-class meal should not be higher 
than in good quality hay, or about 30 per et. 

From 4 trials at the Colorado Station’® Morton concludes that for 
fattening lambs the value of ordinary alfalfa hay may be increased 15 
to 25 per ct. by grinding, but that with hay of good quality such 
preparation will not pay. (835) McCampbell of the Kansas Station?° 
found that alfalfa meal, fed dry, irritated the nostrils of horses and 

that they preferred long hay to the meal when wet. He concludes that 
alfalfa meal is not a desirable or an economical feed for horses when good 
alfalfa hay is available. (507) In view of the fact that the market 

price of alfalfa meal is often as high or higher than wheat bran, it is 
important to, note that in trials at each of 3 stations substituting good 
quality alfalfa meal for an equal weight of bran lessened the production 
of dairy cows. (613) Ordinarily the stockman can produce roughage 
more economically on his farm than he can purchase it in commercial 
feeds. In case he desires to mix hay with heavy concentrates the ma- 
terial may readily be cut sufficiently fine in a silage cutter. Unless good 
alfalfa meal sells at an appreciably lower price than wheat bran its 
purchase can not be recommended. 

Molasses, either beet or cane, is now mixed with alfalfa meal, the 
product being sold as “‘alfalmo’’ or under other names. The mixture 
is well-liked by stock, but its economy as a feed must be determined by 

comparing the composition and price with those of other feeds. Many 
mixed feeds, discussed in Chapter XI (285), contain more or less al- 
falfa meal. 

” Colo. Bul. 187. Kan. Bul. 186. 
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II. Rep CLOVER 

345. Medium red clover, 7'rifoliwm pratense.—This legume, commonly 
known as red clover, is the most important legume in the humid sections 
of the northern two-thirds of the United States, where, grown in rotation 
with corn and the cereals, it so helpfully serves for pasture and hay 

production and for the maintenance of soil fertility. Clover is chiefly 
seeded in combination with timothy, 19,542,000 acres of mixed clover 

and timothy being grown for hay in the United States in 1909, compared 
with only 2,443,000 acres of clover alone. Red clover does best on well- 

drained soils rich in lime, being intolerant of a water-logged or acid 
soil. A short-lived perennial, but few plants live over 3 years, and the 

crop is usually treated as a biennial. 
Thruout the clover-growing districts red clover generally yields a 

heavy first crop of hay, with a second eutting which is usually much 

lighter and which is often allowed to mature for seed. In the southern 

states, where it does not thrive during the heat of summer, red clover is 
sometimes grown as a winter annual, the first crop being cut in the spring 

and the second in early summer. At the northern limits of its culture 

but one cutting is produced. The average yield of clover hay per acre, 
according to the census of 1910, was 1.29 tons, but under favorable 

conditions much higher returns are secured, the yield in 2 cuttings 
ranging from 2 to 4 tons or even more per acre. 

On all stock farms in the eastern United States there should be a 
well-planned rotation of crops, such as corn, followed by either wheat, 
oats, or barley, and this in turn by a legume, preferably red, alsike, or 
mammoth clover, grown either alone or with the grasses, some of the 

fields being grazed by the stock. 
Under such a rotation, when proper use is made of the farm manure, 

reinforced by phosphate and potash fertilizers when necessary, the 

humus and fertility of the soil on the whole farm is maintained or even 
increased, the weeds are held in check, and the maximum yield of crops 
is economically produced on all the fields. Because alfalfa fields are 
usually difficult to establish and should be maintained for many years, 
the alfalfa plant does not particularly favor a short rotation of crops. 
In their eagerness to grow alfalfa, ambitious farmers in the Hast are 
apt to neglect the clovers, which are so vitally helpful in maintaining 
fertility of the whole farm in short-time crop rotations. In many eases 
the growing of red or mammoth clover has been abandoned on account 
of failure to secure stands. Such ‘‘clover sickness’’ of the soil may be 
due to certain diseases, but in most cases it means that lime and phos- 
phate, and possibly potash are needed. Farmers who willingly prepare 
fields thoroly for alfalfa often fail to exercise reasonable care to get 
good stands of clover. 

346. Development of nutrients—Immature clover, like all young 
plants, is exceedingly watery. At the Wisconsin Station*! Woll found 

1 Wis. Rpt. 1889. 
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but 8.2 per ct. dry matter in green clover cut long before it had reached 
the proper condition for making hay. Such clover contained more water 

than skim milk. This explains why clover when cut too early is such 
unsatisfactory soilage; the animals cannot then consume enough to 

secure the nourishment they require. 
Hunt of the Illinois Station’? has arranged the results of studies of 

the medium red clover plant, made by himself and Jordan of the Penn- 

sylvania Station, to show the yield per acre at various stages of growth. 

Yield and nutrients in an acre of medium red clover 
Yield of Carbohydrates 

Stage of growth when cut hay Crude N-free 
per acre Ash protein Fiber extract Fat 

Illinois, Hunt Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
RU [NWO cosdedooodey cei 3,600 217 400 660 1,052 197 
Heads three-fourths dead... 3,260 196 379 672 1,024 156 

Pennsylvania, Jordan 
iHeadsiniblooms s. 2.45.5. . 4,210 260 539 1,033 esl A hlG 
Some heads dead.......... 4,141 226 469 1,248 1,379 106 
Feadsralltdead = shee sa. no 3,915 208 421 1,260 1,378 94 

The table shows that when cut at full bloom the clover crop yielded 
the largest amount of hay per acre, and also contained more ash, crude 
protein, nitrogen-free extract, and fat. The fiber, or woody matter, 
which is the least valuable portion of the plant, was the only nutrient 

which increased after full bloom. The loss of other nutrients after 
blooming was due to the withering and dropping of the lower leaves 
and probably to a leaching of soluble nutrients by rains. This shrink- 
age of nutrients as clover matures is similar to that in the smaller 
grasses (313), and is in marked contrast to the continued storage of 
nutrients up to full ripening in Indian corn. (23) 

The table clearly points to full bloom as theoretically the best date 

for cutting clover hay. Practical experience, however, places the time 
somewhat later, or when about one-third of the blossom heads have 
turned brown. This is because at any earlier date the plant is so soft 

and sappy that only with difficulty can it be cured into good hay. De- 
laying until all the heads are dead makes haying still easier, but. means 
poor, woody, unpalatable hay. 

347. Clover for hay.—Well-cured clover hay, bright and with leaves 

intact, is a most excellent roughage for all farm stock. Tho dusty 
clover hay is to be avoided for feeding horses, that of good quality is 
successfully and economically used with both farm and city horses. (505) 
Mixed clover and timothy hay is preferred by many to clear clover. hay 
for horse feeding since it usually is more free from dust. 

No investigations of the experiment stations in animal husbandry 
have been more helpful than those showing the great value of the 

legumes, ineluding clover hay, for fattening cattle and sheep. By add- 
ing clover hay to the ration the grain requirement can be materially 
reduced and the fattening period shortened—both matters of great im- 

I Bult o: 
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portance in these days of high-priced concentrates. (764, 857-9) For the 

cow, clover hay is unexcelled as a roughage, unless by alfalfa. Not 

only is it palatable and much relished, but it is high in protein and 
lime. Where well-cured clover hay furnishes one-half or more of the 
roughage, the dairyman is able to cut the allowance of concentrates and 

materially reduce the cost of the ration. (614) This roughage has 

the same high place for feeding breeding ewes, wintering cattle, and 
especially for young animals. (787, 798-9, 692) Early-cut clover hay 
‘anks next to alfalfa for swine, being especially valuable for breeding 

stock. (1011) 
348. Clover for pasture, soilage, and silage.—Clover pasture is helpful 

and important for all farm animals. For pigs it furnishes about suf- 
ficient food for maintenance, so that all the grain fed goes for gain. 

Clover-pastured pigs are healthy and have good bone and constitution— 

points of special importance with breeding stock. (986) Tho there is 
somewhat less danger from bloat with clover than alfalfa, cattle and 
sheep should not be turned on clover pasture for the first time while 

hungry or before the dew has risen. As a preventive, dry forage, such 

as hay or straw, should be placed in feed racks in the pasture. To 

these cattle and sheep will resort instinctively when bloat threatens. 
Clover is particularly valuable for soilage, ranking next to alfalfa 

among the legumes available for that purpose. By cutting clover early, 

it at once starts growth again if the weather is favorable, and will 

furnish three or four cuttings annually. In some eases clover has made 

fair silage, but ‘so many failures have occurred that this plant cannot 
be recommended for such purpose except where weather conditions pre- 

vent its being properly cured into hay. The same precautions should 

then be taken as with alfalfa for silage. (633) 

III. OrtteR CLoverRS AND LEGUMINOUS FORAGE PLANTS 

349. Mammoth clover. Trifoliwm mediuwm.—The distinctive character- 
istics of mammoth clover are its rank growth, coarse stems, and blooming 

2 or 3 weeks later than the medium variety. It usually lives 3 years 
or more and thrives better on poor or sandy soil than does medium red 

clover. Since it Yields but a single cutting during the season, this 

clover is frequently pastured for several weeks in the early spring. 
After the stock is removed the plants shoot up and are soon ready for 
the mower. Owing to its coarser growth the hay is more difficult to 
cure and somewhat less palatable than red clover. Wallace** recom- 

mends that for pasture medium and mammoth clover seed be sown in 
equal proportions, together with grasses, holding that since mammoth 
clover blooms later there is more nearly a succession of good forage than 

is possible with only one variety. 
350. Alsike clover, Trifolium hybridum.—This variety of clover, once 

supposed to be a eross between red clover and white clover, has weak 
*% Clover Culture. 
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stems which fall to the ground unless supported by attendant grasses. 
Alsike flourishes on land too acid or too wet for other clovers, and is a 

hardier, longer-lived plant, enduring 4 to 6 years in good soil. As it will 

grow readily on ‘‘clover-sick’’ soil, it has replaced red clover on many 
fields during recent years. Well-made alsike hay is fine-stemmed and 
ranks among the best, being eaten with but little waste. 

351. White clover, 7'rifolium repens.—This creeping perennial has 
the widest range of any of the clovers, thriving in almost any soil from 

Canada nearly to the Gulf of Mexico, if moisture is ample. In the North 
it is an important plant in mixed pastures, forming a dense mat of 
herbage and furnishing feed thruout the growing season. In the South 

it nearly disappears in summer, but reappears in the fall furnishing 

winter pasturage and thus combines well with Bermuda grass. (320) 
Owing to its low, creeping growth it does not yield hay. 

352. Sweet clover.—White sweet clover, Melilotus alba, also known as 
melilot and Bokhara clover, is a biennial which is widely distributed 

along roadsides and in waste places over southern Canada and a large 
part of the United States, thriving best on soils rich in lime. It will 
grow on soil so poorly drained or so worn and low in humus that alfalfa 
or red clover will not live. Increasing experience shows that where 
these more valuable legumes do not thrive, sweet clover, which was once 

viewed as a weed, is of considerable value. Thousands of acres of de- 

pleted, gullied land in Kentucky and Tennessee are being restored to 
fertility by this legume. In the West it may be grown on hard adobe 
soils, which it mellows with its deep root system. The plant may also 

be utilized for pasture, hay, and soilage, and has occasionally been 

ensiled. At first animals usually refuse sweet clover, for all parts of 
the plant contain cumarin, a bitter compound with a vanilla-like odor. 
In spring the herbage is less bitter and animals of all classes can gener- 

ally then be taught to eat it. After becoming accustomed to the taste 
they are said sometimes to prefer sweet clover to other legumes or the 
grasses. In certain districts where the plants seem unusually high in 
cumarin it is reported that animals cannot be induced to eat them. 
When the clover is cured as hay a large part of the cumarin is volati- 
lized, the hay thus being less bitter than the green plants. 

Sweet clover seed should be thickly sown so that the stems will not 

grow coarse, and the crop should be cut when the first blossoms appear, 
or even before, since after this stage they rapidly grow woody. The 

first season 1 cutting and the second 2 of hay can be secured in the 
North, and often 3 in the South. The crop should be cut about 6 inches 
from the ground, for the new shoots grow out not from the crown, as 
in alfalfa, but from the stems. Lloyd of the Ohio Station** states that 

farmers report good results from feeding sweet clover to horses and 

eattle. (769) Wilson*® found the hay satisfactory for lambs at the South 
Dakota Station, and Evvard?® obtained good results with sweet clover 

as a hog pasture at the Iowa Station, tho it was greatly excelled by 

*% Ohio. Bul. 244. 2S. D, Bul. 143: * Towa Bul. 136. 
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alfalfa and red clover. (859, 987) Care must be taken in pasturing 

cattle and sheep on sweet clover, lest it cause bloat. The plants should 
be grazed closely, as otherwise they become woody. <A yellow-flowered 

sweet clover, Melilotus officinalis, 2 weeks earlier and somewhat smaller 

in growth than the white sweet clover, has been quite widely introduced 
in the United States. 

353. Crimson clover, 7'rifolium incarnatum.—This annual clover, adap- 

ted to mild climates, is grown chiefly in the Atlantic seaboard states 
from New Jersey to South Carolina. Here it is treated as a winter 

annual, being sown in the late summer or early fall, blossoming the 

following spring, and dying by early summer. Crimson clover has 

proved vastly helpful to the agriculture of these states, where it is used 

mainly as green manure and as a winter cover crop. It is extensively 
used for pasture and hay, and to a more limited extent for soilage. 
This clover is suited to a wide range of soils, succeeding on both sandy 
and clay land if well drained. Duggar of the Alabama,?? and Williams 

of the North Carolina Station** believe that of all the clovers it has the 
widest adaptability to southern conditions. An especially valuable 

feature is that the crop may be harvested or turned under as green 

manure early enough in the spring to permit the raising of other crops 

the same year. The climate of the humid Pacific coast section is well 

adapted to crimson-clover culture. 

When grown for hay it is important that crimson clover be cut by 
the time the flowers at the base of the most advanced heads have faded, 
even tho the weather be unsettled for hay-making. When cutting is long- 

er delayed, the minute barbed hairs of the blossom heads and stems be- 
come hard and wiry. If hay from such over-ripe clover is fed to horses or 

mules these hairs sometimes mat together in the digestive tract, forming 

felt-like masses which may grow to the size of baseballs and finally plug 

the intestines, causing death. When it is necessary to feed over-ripe hay 
to horses or mules, which are usually the only animals affected, to reduce 

the danger it should be given with other roughage, preferably with 
succulent feeds, or else wet thoroly 12 hours before feeding. Grantham 
of the Delaware Station*® found that of 108 growers over three-fourths 

considered erimson-clover hay as good or better than that from red clover 

or cowpeas. According to Piper*®® yields of hay from good stands average 

about 1.25 tons per acre. (615) During a short season in the spring be- 
fore it matures, crimson clover furnishes valuable pasturage or soilage 
in advance of grass or other clovers, and in warm sections it may be 

utilized as late fall or winter pasture. 
354. Bur clovers.—The southern or spotted bur clover (Medicago ara- 

bica) and California or toothed bur clover (M. hispida) are winter 
annuals that furnish valuable pasturage in mild regions. The former, 

which is the hardier, is found chiefly in the southern states, and the 
latter in California and Texas. They are admirable supplements to 

7 Ala. Bul. 147. BiONa CaiCinias Del. Bul. 89. * Forage Plants, p. 432. 
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Bermuda pasture, furnishing feed when that grass is resting and re- 
seeding unless grazed too closely. (320) Even on land where summer 

cultivated crops are grown, bur clover, if once sown, volunteers in the 
fall. Cauthen of the Alabama Station” states that tho not commonly 
so used it may be seeded for hay with fall grain. 

355. The common field-pea vine—The common field pea, Piswm 
sativum, var. arvense, the use of which as a grain crop has already 
been discussed (261), is grown in Canada and the northern states to 
some extent for forage. A combination of peas and oats, if cut early, 
makes nutritious hay, well liked by all classes of stock and also makes 

silage of good quality. The combination is frequently sown as a spring 
soiling crop, especially for dairy cows, or as pasturage, chiefly for 
swine. In some of the irrigated valleys of the Rocky Mountain region 
field peas, usually with a small quantity of oats or barley, are sown 
extensively and grazed when nearly mature by sheep and pigs. (860, 988) 
In the grain which the field pea furnishes and the hay and silage which 

it is possible to secure from it, the stockman located far north has a 
fair compensation for the corn crop which he cannot grow. 

356. Pea-cannery refuse.—Formerly the bruised pea vines and empty 
pods from the pea canneries were used only for manure. The value of 
this rich by-product for stock-feeding has now been abundantly demon- 

strated, and it is usually preserved in silos or in large stacks, where the 
decaying exterior preserves the mass within. The silage has a strong 
odor but is relished by all farm animals, especially dairy cows, fattening 
cattle, and sheep. (356) By spreading cannery waste out thinly on a 
plat where the grass is short, it may be cured into hay worth, according 
to Crosby,”* 20 per ct. more than clover hay, but this involves more 
labor than placing it in the silo. 

357. Cowpea, Vigna sinensis —This hot weather annual is the most 
important legume in the cotton-belt, furnishing grain for humans and 
animals (262), tho chiefly grown for forage and green manure. Its 
especial value lies in the fact that it will grow on all types of soil and 
with but little attention, increasing the fertility of the land and furnish- 
ing rich hay, pasturage, soilage, and silage. This vine-like plant does 
not mature in a definite time, but continues to bear pods and put forth 
new leaves during a long period. Sown at corn planting or later, early 
varieties mature the first pods in 70 to 90 days. The crop may be then 
cut for hay, or the harvesting considerably delayed without loss. Cow- 
peas yield from 1 to 3 tons of excellent hay per acre, which is equal to 
red clover or alfalfa in value and is an excellent roughage for horses, 
cattle, and sheep. (508, 769, 859) When cowpea hay is fed to dairy 
cows or fattening steers the allowance of concentrates may be reduced 
to one-half the amount needed when a carbonaceous roughage, such as 
corn stover or hay from the grasses, is fed. (616) Because of the suc- 
culent leaves and thick stems the cowpea is difficult to cure. To prevent 

“ Ala. Bul. 165. “2. S. Dept. Agr., Bur. Plant Indus., Cir. 45. 
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loss of the leaves the crop should be cured in coeks built with devices 

which permit air circulation. (333) 

‘l'o, support the vines cowpeas are often broadcasted or drilled with 

sorghum, soybeans, millet, or Johnson grass, and Piper*® suggests that 

the new Sudan grass should prove excellent for this purpose, as it 
matures at the right time and is readily eured. Cowpeas are extensively 

planted with corn or sorghum, when some cowpea seed is often picked 

by hand and the remainder of the crop, corn and all, pastured, furnish- 

ing economical feed for cattle, sheep, or pigs. (770, 872, 990) The 

combination crop makes palatable, protein-rich silage that should be 
more extensively used. Thru the greater utilization of cowpeas and 

other legumes the live-stock industry of the South may be enormously 

increased, 

358. Soybean, Glycine hispida.—Soybeans are for the most part bushy 

plants with no tendeney to vine, and which, unlike cowpeas, die after 

the crop of pods has been matured. (256) They thrive in the same 
climate as corn, maturing sufficiently for hay in northern sections where- 

ever corn may be grown for silage. Soybeans are better adapted to the 

northern part of the corn belt than cowpeas, which require a longer 

crowing season and are injured by shght frosts. They are also more 

drought-resistant than cowpeas and hence well suited to hight soils, tho 

they will not thrive on such poor land as do cowpeas. The fondness of 

rabbits for the plants is a serious drawback in the plains district. The 

soybean crop should be eut for hay when the pods are well formed but 
before the leaves begin to turn yellow, for soon after this the stems 

become woody and the leaves easily drop off. The crop yields from 

1 to 3 tons per acre of hay equal to cowpea or alfalfa hay in feeding 

value. (617) Soybeans alone make rank smelling silage, but 1 ton of 

soybeans ensiled with 3 to 4 tons of corn or sorghum makes a satisfactory 

product. For this purpose the soybeans and corn or sorghum may be 
mixed as ensiled or they may be grown together. In the South soybeans 

alone or soybeans and corn are often grazed by hogs. When designed for 
pasture the beans should be planted in rows to lessen the loss by tramping, 

and the hogs should not be turned in until the pods are nearly mature. 

(989) In the northern states the chief value of soybeans is for sandy 
land or as a catch crop when clover or other crops fail. Moore and Del- 
wiche of the Wisconsin Station" report that soybeans planted in June on 

jack-pine sand where sugar beets had failed produced 2 tons of hay 

per acre. Kvvard of the Jowa Station®® found soybeans or cowpeas 
surpassed for hog pasture by rape, clover, and alfalfa on soil where the 

latter crops flourished. 

359. Vetch.—Only the hairy vetch (Vicia villosa), also called sand 

or Russian vetech, and the common vetch (V. sativa), also known as 

smooth or Oregon vetch, are important in the United States. Both are 

ordinarily annuals, tho the hairy vetech especially may live for more 

“ Worage Plants, p. 505. “Wis. Bul. 236. %*Towa Bul. 136. 
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than a year. Being cool-weather plants, they are usually fall-sown in 

mild climates, but a spring strain of the common vetch is sometimes 
grown. While common vetch is killed by zero temperatures, hairy vetch 

usually endures the winter in the northern states if well established in 

the fall. airy vetch may be grown on poorer soil than its relative, 
is adapted to a wider range than crimson clover, and is markedly drought 

resistant. It is chiefly grown for hay, being usually sown with the 
cereals to support the weak vines, which clamber from 4 to 10 feet in 
a tangled mass. Harvested when the pods are full grown, a palatable 

hay is secured. According to Piper*®® the yield from vetch grown alone 
ranges from 1.5 to 2.5 tons or more of hay per acre. (619) 

In the South and in western Washington and Oregon. where the 
winters are not severe, common vetch is preferred for soil rich enough 

for its culture, since the seed is cheaper and the vines grow less tangled. 
Piper places the yield of hay at 2.5 tons in the latter district and slightly 
less in the southern states. Smith of the United States Department of 

Agriculture*’ reports that at Atlanta, Ga., vetch and oat hay is popular 
with liverymen, selling on a par with cowpea hay. Besides furnishing 

hay, the vetches afford excellent pasturage for cattle, sheep, and swine. 

Smith reports the successful use of vetch silage for a dairy herd. 
360. Lespedeza, Lespedeza striata.—Japan clover, commonly called 

lespedeza in the South, is a summer annual which has now spread over 
most of the territory from central New Jersey westward to central 

Kansas and south to the Gulf. Here, even on the poorest soils, it appears 

spontaneously as a common constituent of mixed pastures, and unless 

closely grazed reseeds itself from year to year. On the poorer sands 
and clays of the cotton belt lespedeza is perhaps the most valuable 
pasture plant, adding nitrogen to the soil, binding it together, preventing 
washing, and furnishing pasturage well-liked by all stock. This legume 
has not been known to cause bloat. Only on rich soil does it grow tall 
enough for hay. The crop is easily cured and in extreme cases yields 

3 tons of hay per acre, which according to Duggar of the Alabama Sta- 

tion®* is equal to alfalfa. (497) 

361. Velvet bean, Stizolobiwm deeringianum.—The tropical velvet- 
bean plant flourishes south of a line drawn from Savannah, Georgia, 
to Austin, Texas. The vines, which run on the ground from 15 to 75 

feet, are difficult to eure into hay, and are mostly used for grazing. 

Scott of the Florida Station®’ reports a yield of 20 to 30 bushels of 60 

lbs. of shelled beans per acre. He states that 3 tons of beans in the 
pod are equal to 1 ton of cottonseed meal for milk production and can 
be produced at 60 per et. of the cost of the meal. (604) Scott found 
that the fat of pigs fed exclusively on velvet beans has a dark, dirty 
appearance and disagreeable odor and taste, which may probably be 
avoided by feeding a limited quantity of beans with corn, cassava, ete. 

” Forage Plants, p. 472. * Wing, Meadows and Pastures, p. 354. 

7U. S. Dept. Agr., Farmers’ Bul. 529. ” Fla. Bul. 102, 
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The charge that velvet beans cause abortion among cattle and swine and 
blind staggers with horses is substantially without foundation. Horses 
fed exclusively on velvet-bean hay may suffer from kidney trouble, but 

all danger may be averted by feeding equal parts of velvet-bean and crab- 

grass hay. Tracy* reports 20 acres of velvet beans in Florida furnish- 
ing half the daily grazing for 30 cows during 27 days in winter, after 

which 10 tons of pod beans were harvested. Eighty acres of velvet 
beans in southern Georgia furnished grazing for 100 head of cattle 4 
months. Seventy days’ grazing on velvet-bean pasture was sufficient to 
put steers in marketable condition. (760) 

362, Peanut, Arachis hypogaca.—Peanuts are grown chiefly for the 
under-ground nuts (258), tho the entire plant is sometimes cured into 

a nutritious hay. According to Piper,*t as a hay plant the peanut 
cannot compete with the soybean or the cowpea, but the plant is of 
importance as a pasture crop for hogs, which root out the nuts. Hogs 
finished solely on peanuts yield a soft pork, but this may be largely 

avoided by feeding corn or other feeds. (1005) Since the nuts will not 
long remain in the ground without sprouting, the crop must be pastured 
soon after maturity. When peanuts are grown for the seeds, the straw 

is used for stock feeding, the yield ranging from 0.75 to 1.5 tons or more 

per acre. 
363. Beggar weed, Desmodium tortuosum.—This annual legume, which 

has rather woody stalks 3 to 10 feet high bearing abundant leafage, 
is used for green forage and hay production in the sub-tropical regions 
of our country. Garrison of the South Carolina Station** reports a 
yield of over 11.5 tons of green and 2.25 tons of dry forage from 1 
acre. Smith* states that on rich land yields of from 4 to 6 tons of hay are 
not unusual. The hay ranges between clover and alfalfa in protein con- 

tent and is relished by stock. 

364. Miscellaneous legumes.—The Tangier pea (Lathyrus tingitanus), 
which is somewhat similar to the common sweet pea, but more vigorous 
in growth, has given promising results as a hay and green manure crop 
in the southern states and western Oregon.** Serradella (Ornithopus 

sativus), cultivated to a considerable extent in Europe on poor sandy 

land, has thus far attained no importance in the United States. As it 
will grow on soil too acid for other legumes it may be found useful on 
acid sands in the northern states. The moth bean (Phaseolus aconitt- 
folius), a native of India, is in many ways superior to the cowpea in 
northern Texas, according to Conner* being more drought resistant 

and curing more readily. The hyacinth bean or bonavist (Dolichos 
lablab), an annual resembling the cowpea but more viny, is often grown 

as an ornamental. It is of no especial promise as a forage crop except in 

“U.S. Dept. Agr., Farmers’ Bul. 300. “U.S. Dept. Agr., Yearbook, 1897. 

“HWorage Plants, p. 547. “*Wash. Bul. 2., Spec. Series. 
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the plains region of Texas, where it is apparently somewhat more drought 
resistant than the cowpea.** 

The Kudzu vine (Pueraria thunbergiana) is a rapidly growing annual 
vine, often grown as an ornamental in the South, where it reaches a 
length of 60 feet or more. Recent trials show it to be of considerable 
promise as a perennial forage crop for the Gulf region. Under field 
conditions the prostrate branches root at the joints and send up twining 
shoots 2 to 4 feet high, which may be readily cut with a mower. 
According to Piper,*’ in northern Florida 3 cuttings of hay a season 

have been obtained, the yield ranging from lower than velvet beans to 

as high as 10 tons per acre. 

hex Rpt. L9ii2: “ Forage Plants, p. 564. 



CHAPTER XV 

ROOTS, TUBERS, AND MISCELLANEOUS FORAGES 

I. Roots AND TUBERS 

In northern Europe and in eastern Canada root crops are extensively 
grown for stock, but in this country such use has never assumed in- 

portance. Indeed, in 1909 over 5000 acres of corn were raised in the 
United States for each acre of roots grown for live stock feeding. 

Having cool summers, northern Europe is well suited to the growth ot 

roots but not to the culture of corn, while in most parts of our country, 

with the hot summers, this imperial grain and forage plant thrives. 

As shown later in this chapter, where corn flourishes it furnishes a 
palatable, succulent feed at less cost than do roots. Hence, it is reason- 

able to expect that in the United States the culture of roots for forage 
will increase only in districts having summers so cool that these crops 
give better returns than corn, and on farms in the corn belt where too 

few animals are kept to use corn silage economically, or where roots 
serve as a relish for show animals and dairy cows on official test. 

365. Use and value of roots——Roots should be regarded not as rough- 

ages, but as watered concentrates, high in available energy for the dry 
matter they contain. (22) <All are low in crude protein compared to 
their content of carbohydrates. The studies of Frist in Denmark and 

Wing and Savage at the New York (Cornell) Station? show that for 

the dairy cow a pound of dry matter in roots has the same feeding 

value as a pound of dry matter in grain, such as corn, wheat, or barley. 

(637) Wing and Savage found that mangels could replace half the 

grain ordinarily fed in a ration of grain, mixed hay, and silage without 
reducing the yield of milk or butter, and that with grain at $30 per ton, 
mangels were an economical substitute when they could be grown and 

stored for $4 per ton. 
Since nearly 90 per ct. of the dry matter in roots and only 66 per et. 

of that in well-matured corn silage is digestible, one would expect the 
dry matter of roots to have somewhat the higher value. However, in 
the majority of the trials in which this question has been studied with 
the dairy cow, just as much milk was produced from 100 lbs. of dry 

matter in the silage ration as in the ration containing roots. (638) 
In addition to the nutrients they furnish, roots and other succulent 

feeds have a beneficial tonic effect upon animals, and are especially 
helpful in keeping breeding cattle, sheep, or swine in prime condition. 

Many successful stockmen recommend roots highly for animals being 

1Hxpt. Sta. Rec., 14, 1903, p. 801. 2N. Y. (Cornell) Bul. 268. 

240 



ROOTS, TUBERS, AND MISCELLANEOUS FORAGES — 241 

fitted for exhibitions and for dairy cows crowded to maximum production 
on official tests. At the Michigan Station Shaw* and Norton found that 

when roots were added to a well-balanced ration for dairy cows contain- 
ing good corn silage the yield of butter fat was increased 5.8 per ct. 
Yet this increase was not sufficient to offset the greater cost of the ration 
containing the roots. (640) 

In this country the daily allowance of roots per 1,000 lbs. live weight 
is usually 25 to 50 lbs. or less. Thruout Great Britain fattening cattle 
and sheep are often fed 100 Ibs., or even more, per 1,000 lbs. live weight 

daily with satisfactory results, and sheep are sometimes fattened on 

concentrates and roots alone. This practice can not be generally recom- 

mended, for better results are secured when some dry roughage is fed. 

Roots are usually chopped or sliced before feeding, and the cut roots 

are often put into the feed box and meal sprinkled over them. In 
feeding cattle in Canada and England, roots are quite commonly pulped 
and spread in layers several inches thick, alternating with other layers 
of cut or chaffed hay or straw. After being shoveled over, the mass is 
allowed to stand several hours before feeding, to moisten and soften 
the chaffed straw or hay. In this manner great quantities of straw may 
be successfully utilized. (784, 786, 865) For winter feeding in the 
northern states roots must be stored in well-ventilated pits or cellars. 
but in mild climates they may remain in the field until fed. In Great 
Britain sheep are often grazed on root crops, saving the labor of 

harvesting. 
366. Roots vs. corn silage—The most extensive of several trials in 

which the yields of roots and silage corn have been compared are 
summarized in the foliowing table : 

Yield of fresh and dry matter per acre of roots and fodder corn 

ie Mangels Sugar beets | Rutabagas 2 Fodder corn 

Station Green Dry Green Dry Green Dry Green Dry 
weight | matter! weight | matter | weight | matter | weight | matter 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Maine*..............| 15,375 | 1,613 | 17,645 | 2,590 | 31,695 | 3,415 | 39,645 | 5,580 
Bern siiere ere itaraue toe 38,273 | 4,554 | 25,591 | 4,683] ..... oe |) dispar I G76} 
Ontario,{t 5-8 yrs..... 47,480 | 4,440 | 29,760 | 4,890 | 39,260 | 4,260 | 38,320 | 8,050 

AVETAO CN cess ale os 33,713 | 3,536 | 24,332 | 4,054 | 35,478 | 3,838 | 32,099 | 6,798 

*Woll, Book on Silage. 7Penn. Rpt. 1898. tOntario Dept. Agr., Bul. 228. 

On the average, the corn crop contained 91 per ct. more dry matter 
than mangels, 66 per ct. more than sugar beets, and 77 per ct. more than 
rutabagas. At the Ohio Station* Thorne found that to grow and harvest 
an acre of beets yielding 15.75 tons and containing 3,000 Ibs. of dry 
matter cost more than an acre of corn yielding 57 bushels of grain and 
containing 6,000 lbs., or twice as much, dry matter. In trials covering 

*> Mich. Bul. 240. *Ohio Rpt. 1893. 
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4 years at the New York (Cornell) Station? Minns found the cost of 
growing and ensiling silage corn about the same per ton as that for 

growing and harvesting mangels. However, owing to their watery 
nature 100 lbs. of dry matter in mangels cost over twice as much as in 

corn silage. These findings show that where corn thrives, corn silage 
will furnish dry matter at one-half the cost of roots or less. This is 

largely because root crops require more careful and thoro preparation 

of the soil and far more hand labor in eultivation, harvesting, and 
storage than does corn. 

367. Yields of various root crops.—The most extensive comparisons of 
the yields of various root crops are those reported by the New York 
(Cornell) Station® from 5-year tests and by the Ontario Agricultural 

College’ from trials covering 5 to 15 years, which are summarized in 
the following table. The yields from kohlrabi, cabbage, rape, and kale, 

which are sometimes included loosely under the term ‘‘root crops’’ are 
also given, along with the return from a 200-bushel crop of potatoes. 

Yield and dry matter per acre in various root crops 
New York (Cornell) Station Ontario Agr. College 
Green wt. Dry matter Green wt. Dry matter 

Tons Lbs. Tons Lbs. 

Withee gass8oonccaede 39.7 8,400 PBI 4,440 
Sugar mangels........... PASI 6,400 24 .0 5,460 
Duma bectssecue oe nce 28 .3 8,000 14.9 4,890 
Rutabagas (swedes) ...... 26.3 5,000 19.6 4,260 
Hybrid turnips........... ia 5,200 ae softs 
Abbidsuley sons Saas ea aaa ae 16.8 3,600 Diep, 5,160 
C@arrotssee nae ee 18.5 4,400 Pb 6,460 
PAaTSMIPSh 4 nase gee cane 8.3 3,800 8.3 2,750 
TEGoyalhige oy ah hgh ee oe 23 .4 4,600 15.8 2,819 
Cabbacees.. ) eee. 36.4 4,600 23.1 4,102 
Dwarf Essex rape......... eae en If 74 5,758 
Thousand-headed kale... . . Ratan wae ibe 7 4,000 
Potatoes (200 bushels)... . 6.0 2,540 6.0 2,540 

As is shown in the table, the rank of these various crops varies 
widely in different sections, depending on the climatic and soil con- 
ditions. 

368. The mangel, Beta vulgaris, var—Tho the mangel, or mangel 
wurzel, is the most watery of roots, it returns a large amount of dry 

matter per acre because of its enormous yield. The dry matter content 
of mangels averages 9.4 per ct. and that of the half-sugar mangels, 

which are crosses between the mangel and the sugar beet, is somewhat 

higher. Because it stands well out of the ground, the mangel is easily 

cultivated and harvested, and furthermore it keeps better in winter 
than does the sugar beet. Mangels should not be fed until they have 
been stored for a few weeks, as the freshly-harvested roots may cause 
scours. Mangels are useful for all farm animals, except possibly the 
horse. (637-8, 784, 864) Fed to rams or wethers for long periods, both 

oN. Y. (Cornell) Bul. 317. 7Ontario Dept. of Agr., Bul. 228. 

°Piper, Forage Plants and their Culture, p. 587. 
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mangels and sugar beets tend to produce dangerous calculi, or stones, 
in the urinary organs. 

369. Sugar beets, Beta vulgaris, var—This root has been marvelously 
developed for the single purpose of producing sugar, some strains now 
yielding 16 per ct. or more. The sugar beet demands more eare in culti- 

vation than the mangel and more labor in harvesting, as it sets deep in 
the ground. Sugar beets are esteemed by many dairymen as succulence 

for cows under test. If liberally fed, this root may induce scouring be- 

cause of its high sugar content. Farmers patronizing sugar factories 
should utilize cull beets as well as the tops. Beet tops and leaves may be 

fed fresh or ensiled. Care must be taken when stock is turned on beet 
fields to forage, as decaying beet tops may poison the animals. Accord- 

ing to Morton of the Colorado Station,’ tho the tops keep better if cut, 
they may be ensiled whole if the mass is well packed. At the Wisconsin 

Station? Humphrey found that beet tops make good silage when run thru 

the silage cutter along with an equal weight of dry corn fodder, sufficient 
water being added so that the mass will pack well. 

370. Rutabaga, Brassica campestris——The rutabaga, or swede, ranks 
next to the mangel in ease of cultivation and harvesting. Sheep prefer 
it to all other roots. Like other turnips, the rutabaga may taint the 
milk of cows, and for this reason should be fed immediately after milk- 

ing. This root is of vast importance to the stock interests of Great 
Britain and is likewise a favorite in Canada, where it is extensively 
grown. (511) 

371. Turnip, Brassica rapa.—Turnips are more watery than rutabagas 
and do not keep so well. Hybrid turnips, crosses between the turnip 
and the rutabaga, keep better than ordinary turnips. Maturing early, 

turnips are used chiefly for early fall feeding. Sown as a catch crop, 
large yields are often secured without cultivation. Tho used mainly for 
sheep, they can also be fed to cattle. 

372. Carrot, Daucus carota.—Under favorable conditions the stock 

earrot gives heavy yields. This root is relished by horses of all ages and 

conditions, but should not be fed in large amount to hard-worked or 
driving horses. (511) Carrots also serve well for other stock, especially 
dairy cows. Hills of the Vermont Station’? writes: ‘‘Carrots far sur- 
passed beets in feeding value.’’ 

373. Parsnip, Pastinaca sativa.—The parsnip is the favorite root with 

dairy farmers on the islands of Jersey and Guernsey. It contains about 
as much dry matter as the sugar beet, but because the yield in this 

country is relatively low and the root difficult to harvest, it is little 
crown. (511) 

374. Potato, Solanwm tuberosum.—In Europe heavy-yielding varieties 

of large-sized potatoes are extensively grown for stock, but in this 
country potatoes are only fed when low in price or too small for market. 

Knowing their feeding value, the farmer is in position to utilize the 

SBreeder’s Gaz., 65, 1914, p. 115. ®° Wis. Bul. 228. Vt. Rpt. 1907. 
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crop wisely, for feeding his live stock, rather than to force it on a pro- 
fitless market. Potatoes are chiefly employed for swine feeding (1001), 

but may be fed in limited amounts to cattle, sheep, and horses in partial 

substitution for grain. For pigs the tubers should be boiled or steamed, 

and mixed with meal. The heavy feeding of raw potatoes is not ad- 
visable, as it induces scouring, but they may be fed in hmited amounts 

sliced and mixed with dry feed. The bitter-tasting water in which 
potatoes are cooked should be thrown away, especially if the tubers are 

not sound. According to Pott,’’ potatoes may furnish half the dry 

matter in the ration for fattening cattle and sheep, and one-fourth for 

horses. (511) Milch cows should not be fed more than 30 to 35 lbs., as 
larger amounts injure the quality of the butter. (641) Unripe potatoes 
and especially the sprouts of stored potatoes contain considerable 

solanin, a poisonous compound; hence in feeding potatoes any sprouts 

should be removed. 
In Germany where machinery for drying potatoes has been perfected, 

the dried product is quite extensively fed to live stock. To produce 1 ton 

of the dried potato flakes from 3.5 to 4.0 tons of raw potatoes are re- 

quired. 

375. Jerusalem artichoke, Helianthus twberosus.—The tubers of this 
hardy perennial, which resemble the potato in composition, are sometimes 

used for human food and for feeding stock. The tubers live over winter 

in the ground and enough are usually left to make the next crop. Due to 

this the plant may sometimes become a weed. Goessmann of the Massa- 

chusetts Station?” reports artichokes yielding at the rate of 8.2 tons per 
acre. They may be harvested in the same manner as potatoes, or hogs 
may be turned in the field to root out the tubers. At the Oregon Sta- 
tion!® 6 pigs confined to one-eighth of an acre of artichokes gained 244 
lbs., consuming 756 Ibs. of ground wheat and oats in addition to the 

tubers. Allowing 500 lbs. of grain for 100 lbs. of gain, we find that an 
acre of artichokes was worth 3,700 Ibs. of mixed wheat and oats. The pigs 
made but little gain on artichokes alone. 

Pott!* reports that the leaves and stems may be cut when half the leaves 
are still green, without reducing the yield of tubers. This forage may be 
fed to sheep, goats, or dairy cows with good results. Despite the many 
enthusiastic endorsements of artichokes no community in this country 
seems to grow them continuously—a significant fact. (511, 1002) 

376. Sweet potato, Jpomaca batatas.—The sweet potato, a southern crop 

grown as far north as New Jersey and Illinois, serves not only for human 

food, but also for feeding stock, especially swine, which do their own har- 
vesting. Tho the average yield is less than 90 bushels per acre, some 

farmers raise fully 200 bushels.?? The sweet potato is at its best on sandy 

'Wandb. Ernahr. u. Futter., IJ, 1907, pp. 368, 366-7. 

Mass. Rpt. 10. %Ore. Bul. 54. 

4Handb. Ernihr. u. Futter., I, 1907, p. 196. 

“ Duggar, Southern Field Crops, p. 449. 
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soil. Keitt of the South Carolina Station!® states that land which under 
ordinary cropping yields but 20 bushels of corn will produce 200 bushels 

of sweet potatoes per acre. Dodson of the Louisiana Station*’ considers 
sweet potatoes the best root crop for hogs for fall and early winter graz- 

ing. (1004) Conner of the Florida Station'’ found that sweet potatoes 
may be successfully substituted for half the corn in the ration of work 
horses, 3 lbs. of sweet potatoes replacing 1 lb. of corn. Scott of the same 

station*® found that 100 lbs. of sweet potatoes was as useful as 150 lbs. 
of corn silage for dairy cows. While more valuable, sweet potatoes were 
also far more expensive to produce than the corn silage. 

The vines, tho difficult to gather because they trail and take root at 

short intervals, are often utilized for feed, usually in the green state. 

377. Chufa, Cyperus esculentus——The chufa sedge, frequently a weed 
in damp fields on southern farms, produces numerous small, chaffy, 

edible tubers. These are relished by pigs, which are usually turned in to 
harvest the crop. As chufas are low in digestible crude protein, protein- 
rich feeds should be added to balance the ration. They grow best on 

light, sandy soils, yielding from 100 to 150 bushels of 44 lbs. each per 
acre. Like artichokes, the tubers remain in the ground uninjured thru 

the winter. Good crops of chufas have produced 307 to 592 lbs. of pork 
per acre, after making allowance for the other feed consumed by the 
pigs. (1006) 

378. Cassava, Manihot utilissima.—Cassava, a bushy plant 4 to 10 feet 

in height with fleshy roots like those of the sweet potato, grows in Florida 
and along the Gulf coast. In the tropics varieties having bitter roots 

containing prussie acid are grown. These must be dried or heated be- 
fore feeding. The sorts grown in the United States have sweet roots con- 

taining but a trace of prussic acid. From 5 to 6 tons of roots, carrying 

from 25 to 30 per ct. of starch, are produced per acre. They are used for 

the manufacture of starch and for cattle and swine feeding. At Musco- 
gee, Alabama,”° 200 steers and 100 hogs were fattened by using 1600 lbs. 
of cassava roots daily in place of grain. 

Dodson* reports that in Louisiana a larger tonnage can be obtained 
from sweet potatoes than from cassava, and at about one-third the cost. 
This crop has never been important in the United States and its culture 

has declined greatly in the last 20 years. The cassava waste of starch 
factories should be dried for feeding. (782) 

Il. MiscELLANEOUS SUCCULENT FEEDS 

379. Cabbage, Brassica oleracea.—On rich ground cabbage gives as 
good returns of palatable forage as do root crops, but as more labor is 
required in its cultivation, it is but little grown for stock feeding. Cab- 

hage is highly prized by shepherds when preparing stock for exhibition, 

#S. C. Rpt. 1909, p. 32. * Fla. Bul. 72. U.S. Dept. Agr., Farmers’ Bul. 167. 

‘aia. Bul. 124: Hay Bul: 99. ha, Bul 24: 
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and is also used for feeding milech cows, Gall of England? considering it 

superior to rutabagas. like other plants of the mustard family it 

should be fed after milking to avoid tainting the milk. When cabbage 

is raised for market, the small heads and the leaves may be fed to stock. 

380. Kohlrabi, brassica caulorapa.—This member of the mustard fam- 

ily, which is valued for its thickened, turnip-like stem, can be grown 

wherever rutabagas thrive, tho the yield is usually lower. According to 

the New York (Cornell) Station** kohlrabi is a good substitute for 

rutabagas in the Middle West where these roots have a tendency to run 

to neck and form little root. Ikohlrabi stands well out of the ground and 

thus can be readily pastured by sheep, which also relish the leaves. This 

crop has not been known to taint the milk when fed to cows. 

381. Rape, Brassica napus.—Largely thru the instrumentality of our 
experiment stations, rape is now extensively grown by stoekmen thruout 

the United States. This member of the turnip family stores its nutri 

ment in the numerous leaves and stems, the parts eaten by stock. The 

Dwarl Mssex variety should be sown, birdseed rape being worthless. 

While rape can be used for soiling, it is best to let stock harvest the crop. 

Unless grown in rows, eattle will tramp down considerable of the forage 

while grazing. Rape is too watery for silage. he seed, which is in- 

expensive, may be sown in succession from early spring until August in 
the North and even later in the South, either broadeast, i drills and 

cultivated, or finally with corn just previous to the last eultivation. 

Irom 6 to 12 weeks after seeding the crop is large enough for use. 

Zavitz of the Ontario College*! reports a yield of 27 tons of rape forage 

per acre from 2 Ibs. of seed sown in drills 27 inches apart, the crop hav- 
ine been cultivated every 10 days. In plot tests covering 15 years he 

secured an average yield of 19.2 tons per acre.*° Rape endures quite 

severe frosts, therefore furnishing late autumn feed. It should never be 

eaten so closely that only the bare stalks remain, for the yield of new 

leaves will then be reduced. Animals on rape consume large amounts of 

salt, which should be freely supplied, as it tends to cheek any undue 

laxative effect of the forage. Sometimes stock must be taught to eat 

rape, but they later become fond of it. 
Cattle which during the fall months have the run of a rape field, to- 

eether with pasture, will go into winter quarters in high condition, To 

avoid tainting the milk of dairy cows, rape should be fed or grazed only 

directly after milking. Rape has its largest use for sheep and hogs, and 
since the animals gather the crop, the cost is low compared with the re- 

turns. Cabbage, rape, turnips, ete., like all cruciferous plants, have an 

unusually hieh content of sulfur, which may explain in part their value 

for sheep. (875-6) Access to clover or bluegrass pasture when on rape 

is highly advantageous to all stoek, besides reducing the danger from 

bloat or hoven. Rape furnishes one of the best forages for hogs, and as 

“4 Jour. Brit. Dairy Assoc., 1898. “Ont. Dept. Agr., Rpt. 19. 

*°N. Y. (Cornell) Bul. 244, *Ont. Dept. Agr., Bul. 228. 
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it somewhat more than maintains them, all the grain which is fed goes 
to make gain. (982, 992) Pigs, especially the white breeds, running in 

rape when the leaves are wet, may suffer from a skin affection. 
882. Kale, Brassica oleracea, var. Asephala.—Coarse growing varie- 

ties of kale, a cabbage-like plant that does not form heads, are used ex- 
tensively for soilage and pasturage in England and France. In this 
country kale is grown extensively only in the northern Pacifie coast dis- 

trict, where ‘‘thousand-headed’’ kale, the common variety, is considered 

the best of soiling crops for dairy cows. On rich soil and with ample 

moisture yields of 35 to 45 tons and even more are secured.2” In the 
mild climate of that section the crop is fed chiefly from October to April, 

as it endures considerable frost. Frozen kale should be thawed out be 

fore being fed. ike other members of the mustard family, it should be 
fed after milking to avoid tainting the milk. Kale is an excellent feed 
for sheep and swine. 

A hybrid kale with thick, fleshy stems, called marrow cabbage, has 
excelled common kale in trials at the Western Washington Station.?" 

The large leaves are harvested as they mature, and later the entire plant 
is cut and fed. 

383. Pumpkins, squashes, and melons.—The pumpkin, Cucurbito pepo, 
is often planted in corn fields and the fruits used as a relish for horses, 
cattle, or pigs. The field pumpkin resembles the mangel in composition 

while the smaller garden pumpkin contains somewhat more dry matter. 

Hills of the Vermont Station** found 2.5 tons of pumpkins, including 

seeds, equal to 1 ton of corn silage for dairy cows. Tho often cooked for 
swine, trials show equally satisfactory results with the raw pumpkins. 
(1003) The tradition among farmers that pumpkin seeds increase the 
kidney excretions, tend to dry up cows, and hence should be removed 

before feeding, has no good foundation. The seeds contain much nutri- 
ment and should not be wasted. Pigs relish them, and they act as a 

vermifuge, freeing the animals of worms and putting the digestive or- 

gans in good condition. As the seeds are rich in protein and oil, eating 

an excess may cause digestive disturbance. Squashes and melons, es- 

pecially pie melons, or citrons (also called cow melons), are sometimes 
fed to stock. 

384, Apples and other fruits.—Windfall apples, pears, peaches, plums, 
oranges, figs, ete., may often be fed advantageously to stock and sound 

fruit may be thus used when prices are too low to warrant marketing 
the crop, for all farm animals relish these fruits. (511) Fruits contain 
somewhat more dry matter than roots, the chief nutrients being the 

sugars. Since they are low in protein, they should be used with protein- 
rich feeds. For dairy cows apples have about 40 per ct. of the value of 
corn silage, and apple pomace is practically equal to the same weight of 

corn silage. (635) In trials at the Utah Station*® when fed with shorts 

*Wash. Bul. 2, Special Series; Ore. Cir. 5. *Vt. Rpt. 1908. 

7 Wash. Bul. 2, Special Series. ” Utah Bul, 101. 
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and skim milk to pigs TOO tbs, of apples equaled 9 to 15 Tbs. of concen: 

trates, Wilson of the Arizona Station’? reports satisfactory gains with 
lambs fed ripe waste olives and alfalfa hay. 

$85, Spurrey, Spergula seéev@a—On sandy land in northern Europe 

spurrey, which requires a cool, moist, growing season, is used as a cateh 
erop for soilage and for green manure. The plant has proved of little 
value in this country, not being adapted to our hot stammers, 

$86. Prickly comfrey, Symphytum asperrimum—This plant, ocvea- 
sionally exploited by advertisers, has little merit in comparison with the 
standard forage plants, When earefully cultivated tt gives quite large 
returns of forage which at first is not relished by cattle. Woll of the 
Wisconsin Station®' found that red clover returned 28 per et. more dry 

matter and 25 per et. more crude protein than the same area of caretully 

cultivated prickly comfrey, 

S87. Mexican clover, Rickardsonie scebrea—This annual, which is not 
ae legume, is abundant im sandy land in sections of Florida and along 

the Gulf Coast, where it springs up spontaneously each summer after the 

manner of crab grass. Lt furnishes pasturage and, tho rather succulent, 
may be eured inte hay 

$88. Purslane, Porfulace olerweea—The sucenlent weed of the garden, 
purslane, can often be used to advantage with swine, Plumb of the 
Indiana Station®= fed brood sows 9 lbs. of purslane each daily, along 
With wheat shorts and hominy meal, and secured fair daily gains, 

389. Tree leaves and twigs.—The small branches and leaves of trees 
are regularly ted to farm animals in the mountain regions of Europe 
where herbage is scarce, and in case of the failure of pastures or the hay 
erop they have been extensively used elsewhere, Tree leaves are more 
digestible than twigs, and the better Kinds compare favorably with or- 
dinary hay in feeding value. Leaves of the ash, bireh, Lnden, and elder 
are valued in the order given. They are eaten with relish, especially by 
goats and sheep. These statements apply only to leaves gathered at the 
right stage and cured substantially as is hay from the grasses. Leaves 
which turn brown and drop from the trees in autumn are worthless for 
feeding farm animals, Rrusk feed, consisting ef ground and crushed 
twigs, stems, and leaves, is used In certain mixed feeds as an absorbent 
for molasses, (285) 

* 

LLL. Puan'ts or ‘tre DESERT 

Sagebrush, saltbush, and greasewood flourish on the plains ef western 
America where alkali and common salt shut out many or even all of the 

ordinary forage plants, 
390. Sagebrush— Writing of the Red Desert of Wyoming, Nelson* 

says: “The amount of sagebrush, Artemisia, spp. consumed in the 

desert is simply amazing. 2 . . Whole bands (of sheep) will leave all 

* Ariz, Rpt. 19. Ind, Bul. $2. 

* Wis, Rpt. 1889, UT S. Dept. Agr. Div, Agros,, Bul. 18, 
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other forage and feed on sagebrush for a day or two at a time. After 
that they will not touch it for some days, or even weeks,’’ 

391. Saltbush, Atriplex, spp—Many species of the saltbush, both an- 
nual and perennial, furnish forage to range animals on the western 
plains. The Australian saltbush, introduced into California and Ari- 

zona, will under favorable conditions produce 15 to 20 tons of green 
forage per acre, or 3 to 5 tons of dry, coarse hay which has about the 
same digestibility as oat hay. Peacock of New South Wales reports 
that sheep fed saltbush in pens lost 4 lhe. in weight per head, but re- 
mained healthy during a period of a year. Others getting grass, hay, and 
saltbush made substantial gains. Salthbush mutton was dry and tough, 
but had a good flavor. 

392. The greasewoods, Surcobutus, spp—The shrubby greasewoods 
likewise flourish on the plains and are browsed by range animals. Forbes 
and Skinner of the Arizona Station” report an analysis of greasewood 
which compared favorably with alfalfa in the amount of crude protein 
and other nutrients contained. Such forage is readily eaten. 

393. Russian thistle, Salsola kali, var. trogus.—The introduced Rus 
sian thistle, now growing over great areas of the plains east of the Rock- 
ies, is used to some extent for pasture and hay. The mature plants are 
woody and loaded with alkali. It should be ent when in bloom and 
quickly stacked. 

394, Cacti—In western Texas, New Mexico, and Arizona, various 
cacti, principally prickly pear, Opuntia, spp., growing wild on the ranges, 
are used for feeding cattle, especially during periods of drought. The 
chollas and other types of cane cacti are also eaten by stock. Cacti grow 
but slowly unless the soil is good and there is reasonable rainfall during 
some part of the year. Because of its peculiar structure and habits this 
plant can survive protracted drought, tho it makes little or no growth at 
such times. Under favorable conditions the prickly pear may be har- 
vested about once in 5 years. In Texas Mexican teamsters make free use 
of the pear for feeding their work oxen, and some rangemen have fed 
large quantities along with sorghum and cotton seed or cottonseed meal 
to their fattening cattle. Cacti may be fed where they grow by first 
singeing off the spines with a gasoline torch, after which the cattle eat 
them with apparent satisfaction. Under favorable conditions 4 man can 
singe the spines from 6 to 12 tons of standing “‘pears’’ per day. In 
gome cases the pears are gathered in wagons and put thru machines 
which chop them in such manner that the spines are rendered more or 
less harmless. 

Prickly pears are less watery than roots, containing on the average 
15.7 per ct. dry matter, of which 3.0 per ct. is ash, and are lower in pro- 
tein but somewhat higher in nitrogen-free extract. The young joints 
are more watery than those which are 2 years old or over, and cattle 
are said to prefer those which are more mature. Cane cacti contain a 

* Agr. Gaz. N. S. Wales, 1906. * Ariz, Rpt. 1902. 
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higher percentage of dry matter than the prickly pears. Cacti alone do 

not provide a maintenance ration for stock. According to Vinson,*° 
cattle in the deserts of Sonora, Mexico, subsist for 3 months of the year 

on little else than the fruits of cacti, but they become emaciated. When 
fed in large amounts with no dry feed cacti tend to produce scours. As 

cacti are all low in protein, this forage should be supplemented by pro- 
tein-rich feeds, such as alfalfa hay or cottonseed meal. From trials at 

the Arizona Station®’ Vinson concludes that 6 lbs. or more of cholla 
fruit with 0.5 to 0.75 lb. of alfalfa hay will maintain a sheep in a lean 
but healthy condition. 

In a trial by Griffiths** cows fed 3 lbs. cottonseed meal and 8 to 12 lbs. 
of rice bran per head daily ate about 150 Ibs. of singed prickly pear, 6 
lbs. of pear equaling 1 lb. of sorghum hay in feeding value. A lot of 27 

steers fed a ration of 96 lbs. chopped prickly pear and 4.4 lbs. of cotton- 
seed meal gained 1.75 lbs. per head daily, requiring 55 lbs. of pear and 
2.5 Ibs. of cottonseed meal per pound of gain. 

Spineless cacti, which during recent years have been extensively ad- 

vertised, have long been known in Mexico and the Mediterranean coun- 
tries. The spineless varieties are not hardy where the temperature falls 
below 20° F. and are thus of limited value in the southwestern states. 
These cacti cannot survive on the open range because cattle will graze 
and destroy them, and moreover they must be enclosed by rabbit-proof 

fences, as these animals are fond of them. Griffiths*® reports yearly 

yields of 20 to 25 tons of spineless cactus per acre without irrigation at 
Chico in the Sacramento Valley, California; this locality having an aver- 

age rainfall of 23 inches. These yields were secured with expert culti- 

vation and when a perfect stand was carefully maintained. 
The chief importance of cacti will undoubtedly be to furnish emer- 

gency forage for stock in the semi-arid regions in case of drought, for 
these plants are able to utilize most efficiently small and irregular sup- 
plies of moisture. For this purpose plantations of the spiny cacti may be 
established on the open range, where they will be able to grow and hold 
their own until drawn upon in time of serious drought, for cattle will 

not graze them when other feed is reasonably abundant. 

IV. Potsonous PLANTS 

Only the briefest mention can be made of the leading plants poison- 

ous to stock. One in trouble should send suspected specimens to the 

experiment station of his state or to the United States Department of 

Agriculture. 
395. Plants carrying prussic acid—Prussic acid, a most deadly poison, 

has been found in over 200 species of plants. It is present in the wild 

cherry, laurel, locust, vetch, Java bean, flax, ete. The leaves of the wild 

3° Ariz. Bul. 67. U.S. Dept. Agr., Bur. Anim. Indus., Bul. 91. 
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cherry, especially when wilted, are particularly fatal to cattle. Peters 
and Avery of the Nebraska Station*® have shown that when the sorghums, 

both saccharine and non-saccharine, are stunted by drought, prussic 
acid may develop in such quantity as to bring death to cattle browsing 
upon them, the affected animals often dying soon after eating a few 
mouthfuls of the poisonous forage. While normal plants are entirely 

harmless, authorities advise caution in the use of the sorghums, kafirs, 

Johnson grass, ete., growing on rich soil, as well as in the use of second- 

growth and stunted plants. The poison is not found in wilted or cured 
sorghum or in sorghum silage, which are therefore always safe for 
feeding. 

396. Ergot.—The seeds of rye and many grasses are sometimes at- 

tacked by a fungus which produces enlarged black, sooty masses, known 
as ergot. Occasionally hay or straw bearing the fungus severely injures 

cattle which are continuously fed thereon during winter. Ergot acts 
on the nervous system, depressing heart action and thereby restricting 
the blood circulation. In advanced cases the ears, tail, and lower parts 
of the limbs of affected animals lose warmth and sensibility, dry gangrene 
sets in, and the diseased parts finally slough away. Animals showing 
symptoms of this trouble should have their feed changed to remove the 
eause, and be warmly housed and liberally supplied with nourishing food. 

397. Forage poisoning.—During recent years serious losses of horses 
and mules have occurred in various parts of the country, especially in 
the Central West, from forage poisoning, or blind staggers (cerebro- 
spinal-meningitis). This is caused by eating moldy feed, either corn 
grain, corn fodder, silage, or grass, or it may result from drinking water 

which has passed thru moldy vegetation. Cattle also may be killed by 

such poisoning but are less susceptible than horses or mules. Whenever 
poisoning is suspected the feed should be changed immediately, for the 
mortality is high in well-developed cases, the animal dying in some in- 
stances in 6 to 8 hours* To prevent the disease care should be taken not 

to feed moldy, improperly cured, or otherwise damaged feed. Graham of 
the Kentucky Station*? states that if moldy forage must be fed it should 
be given sparingly with other feed of good quality. When corn is at all 
moldy he recommends ‘‘floating’’ it. This consists of placing the grain 
in water, whereupon the damaged kernels will rise to the surface and may 
be skimmed off. 

398. Cornstalk disease—A mysterious ailment in the West at times 

attacks eattle turned into the stalk fields during fall and winter after the 

corn ears have been removed. All efforts to determine the cause have 
thus far proved futile. Alway and Peters of the Nebraska Station* 
investigated the losses from cornstalk disease in one county in Nebraska 

in which 404 farmers lost 1,531 head of cattle during a single fall. They 
state that no precaution and no feed or combination of feeds has so far 

“Nebr. Bul. 77. “ey Bulealer 

“Haslam, Kan. Bul. 173. ‘8 Nebr. Press Bul. 27, 



252 FEEDS AND FEEDING 

been found to prevent or mitigate the losses from this disease. They 
further conclude that farmers in districts in which the disease is preva- 
lent, unless they are to lose the valuable forage of their corn stalks, must 
choose between two alternatives: (1) Cutting the stalks when the corn 

ripens, shocking them in the field and feeding the fodder, thus avoiding 
all trouble. (2) Pasturing the standing stalks with the knowledge that 
they are liable to lose as many as one-twentieth of their cattle in an un- 
favorable season. 

399. Corn smut.—At the Wisconsin Station** the senior author fed 2 
milch cows on well-cleaned corn smut mixed with wheat bran, starting 
with a few ounces and increasing until 32 ounces of smut was supplied 

daily to each cow. At this point one refused her feed, but the allowance 
of the other was increased until 64 ounces, or 1 peck, was fed daily. 
This cow seemed to thrive on the smut and was growing fat, when she 

suddenly sickened and died. Smith of the Michigan Station*® fed 4 
cows on well-cleaned corn smut until each was eating from 1 to 10 lbs. 
daily. Only one cow showed any indisposition, and she recovered. In 

experiments by the Bureau of Animal Industry,*® United States Depart- 
ment of Agriculture, corn smut was fed to heifers without harmful effect. 

It is reasonable to conclude that corn smut is generally harmless to 
eattle, tho animals becoming fond of it and eating inordinately may suffer 

harm. 
400. Loco poisoning.—Great numbers of horses, cattle, and sheep have 

been lost on the great ranges of western America thru ‘‘loco’’ poisoning 
brought about by eating various plants, mostly legumes. The loss from 

this cause in Colorado alone has been estimated at a millon dollars an- 
nually.*7 ‘‘Locoed’’ animals have a rough coat and staggering gait, 

carry a lowered head, and show paralytic symptoms—in general, going 

‘‘erazy.’? The studies of Marsh and Crawford** seem to show that the 
poisoning is due to the presence of barium salts in certain legume plants. 
Barium does not generally exist in the soil, so the dangerous plants are 

found only in certain districts. Loco poisoning is most prevalent in 
springtime when the ranges provide scant feed, and the emaciated 

animals are forced to subsist largely on plants which they would ordinar- 

ily.reject. Well-nourished animals are rarely affected. 

401. Castor bean.—The castor bean and the pomace remaining after 

the oil has been extracted contain a deadly poison. Castor beans or 

pomace accidentally getting into feeding stuffs sometimes cause myste- 

rious deaths. Carnivan*® reports that exposing castor oil cake to the air 

for 5 or 6 days or cooking the seeds or cake for 2 hours destroys the 

poison. 

% Wis. Rpt. of Regents, 1881. 

4 Mich. Bul. 137. 
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402. Saltpeter—Mayo of the Kansas Station®® reports losses of cattle 
from eating corn forage carrying quantities of saltpeter in and on the 
stalks. The dangerous forage had been grown on land previously used 
as feed lots where the soil was excessively rich. 

403. Miscellaneous poisonous plants—The common horsetail, water 
hemlock, poison hemlock, death camas, several species of larkspur, cockle 

bur, woody aster, and. many other plants are more or less poisonous to 
farm animals. As Marsh*? points out, stock seldom eat poisonous plants 
by choice, but only when induced or compelled by the scarcity of other 
feed. When the grazing is short animals should therefore be kept away 
from spots definitely known to be infested with such plants. In moving 
herds or flocks on the range special precautions should be taken when it 
is necessary to pass over a trail that has been used by many others, for 

all good feed will have been consumed, and the stock will eat whatever 
is left. 

° Kan. Bul. 49. 1U.S. Dept. Agr., Farmers’ Bul. 536. 



CHAPTER XVI 

SILAGE—SOILAGE—THE PREPARATION OF FEED 

I. SILAGE AND THE SILO 

The preservation of beet leaves, beet waste, and other green forage by 

gathering into heaps or into earthen pits and covering with earth has 
long been practiced in Europe. In 1877 the French farmer, Goffart, pub- 

lished his ‘‘Manual of the Culture and Siloing of Maize and Other Green 

Crops,’’ the first book of its kind, covering 25 years of practical ex- 
perience. To Goffart belongs the credit of describing the first modern 
silo and of observing and recommending the peculiar merits and advan- 

tages of the maize (corn) plant for silage. In 1876 Francis Morris, 
Oakland Manor, Howard county, Maryland, made the first silage in 

America by putting whole corn forage into a pit dug in the ground and 
covering it with earth. The first silo in this country built partly above 
ground was constructed by Dr. J. M. Bailey of Boston, Massachusetts, 
in 1879. In the same year Mr. J. B. Brown of New York gave American 

readers a translation of Goffart’s book, and in 1880 Dr. J. M. Bailey 
issued ‘‘The Book of Ensilage, the New Dispensation for Farmers.’’ In 
1881 Professor I. P. Robertst at Cornell University, and the senior 

author? at the University of Wisconsin, built and filled the first silos used 
for experimental purposes in America. By these means silos and silage 
were brought prominently before the farmers of this country, and the 
interest which was awakened has steadily increased until the ensilage of 

fodders has become a factor of vast importance in American agriculture. 
404. How ensiling preserves forage.—When green forage is packed 

firmly into an air-tight chamber, such as a silo, fermentations take place, 

caused both by the enzymes contained in the plant cells and by bacteria 
and yeasts carried into the silo on the forage. During these fermen- 
tations much of the sugar in the ensiled forage is broken down into or- 
ganic acids, chiefly lactic acid (the acid in sour milk), with some acetic 
acid (the acid in vinegar), and traces of other acids. In these changes 
oxygen is taken up and earbon dioxid (carbonic acid gas) given off. At 
first the oxygen in the air which has been entrapped in the ensiled mass 
is used up, but if the mass has been well compacted, this is soon ex- 
hausted. The enzymes and bacteria then obtain the additional oxygen 
needed for these decompositions from the oxygen-containing compounds 
in the forage—chiefly the sugars. When the sugar in the forage has 

been changed into the acids the fermentation is checked, for the other 

‘Information to the authors. 

2Wis. Rpt. on Amber Cane and the Ensilage of Fodders, 1881, pp. 60-69. 
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carbohydrates are attacked to only a small extent. It is due to this that 
well-matured corn or sorghum makes less acid silage than immature 

plants, which contain more sugar. Even tho an excess of sugar is present 
the fermentation comes to an end at length, for sufficient acid is finally 
produced to prevent both the further growth of the bacteria and yeasts 
and the action of the plant enzymes. During the fermentation processes 

the temperature rises somewhat, but if the mass has been well compacted, 
so that but little air is present, the temperature in the interior of the silo 
rarely reaches 100° F. The changes are therefore far less extensive than 
those which occur in the making of brown hay. (334) 

Not only does the accumulation of acid automatically check the further 

action of the acid-forming enzymes and bacteria, but it also prevents the 
growth of undesirable putrefying bacteria, such as cause the decaying of 

meat. The poor-quality, foul-smelling silage which often results when 

such legumes as alfalfa, clover, or soybeans are ensiled alone is doubt- 

less largely due to the fact that there is not enough sugar present in the 
plants to yield sufficient acid to check the growth of these putrefying 
bacteria. The high protein content of these plants also favors putre- 
faction. 

After a few days the silage-making processes cease, and no appreciable 

changes will take place so long as the air is excluded. Instances are on 
record where silage made 12 to 14 years before has been found to be of 
excellent quality. 

Tho the conversion of sugar into organic acids is the chief change 
which takes place in good silage other decompositions also occur to some 

extent. A considerable part of the protein is broken down by enzymes 
into amino acids (11), the silage sometimes containing 2 or 3 times as 
much of these cleavage products as the original fodder. However, as 
this splitting of the protein into simpler compounds is similar to the 
digestion which takes place in the digestive tract of the animal we need 
not suppose that the nutritive value is thereby necessarily impaired. (49) 

405. Steaming silage.—It has sometimes been advocated that forage be 
steamed immediately after placing it in the silo, on the ground that the 
bacteria, yeasts, and enzymes are thereby destroyed, and the more or 

less perfectly sterilized mass thus preserved with little or no fermenta- 
tion. However, Withycombe and Bradley found in digestion trials with 

cows at the Oregon Station® that steaming corn forage after ensiling 
reduced the digestibility of the dry matter 16 per ct., the erude protein 

91 per ct., the ash 79 per ct., and the fiber, nitrogen-free extract, and fat 
to a slight extent. Hence, tho the steamed silage was admirably pre- 
served and contained only half as much acid as ordinary silage, its feed- 

ing value was greatly reduced. (83) 
406. Requisites of a good silo—a1. Arr-tight walls. The silo walls must 

be air-tight, for if oxygen gains entrance the fermentations will con- 
tinue and molds will grow, spoiling the silage. Such action takes place 

2? Ore. Bul. 102. 
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at the top of the silo where the mass is exposed to the air, but if the 
silage has been well packed and wet down, the impervious top layer of 
rotten material, which soon forms, prevents further entrance of the air. 
All doors must fit tightly, else the silage will spoil about the openings. 

2. Cylindrical shape. In the early silos, which were rectangular 

structures, it was exceedingly difficult to pack the mass in the corners so 

that it would not spoil. With the devising of the cylindrical silo by King 

at the Wisconsin Station* this serious trouble was overcome, thereby 
greatly advancing the practice of ensiling forage plants. The eylindri- 
eal silo has now been commonly adopted, for besides the advantage of 
having no corners, it provides the largest cubie capacity for a given 
amount of building material, and the sides are strong and unyielding. 

3. Smooth, perpendicular, strong walls. Unless the walls of the silo 
are smooth and perpendicular, cavities will form along the walls as the 
mass settles and the adjacent silage will spoil. The walls must be strong 

and rigid, for during the settling of the silage a great outward pressure 
is developed. This increases with the depth of the silo and, according to 
King,°® reaches 330 lbs. per square foot of wall surface at a depth of 30 
feet. After the silage has fully settled this lateral pressure ceases. 

4, Depth. The early silos were shallow, and even tho the forage was 
well-tramped it was often necessary to weight the mass down to force out 

the air sufficiently. By making the silo deep the great pressure com- 
pacts all but the upper layers so that the losses thru fermentation are 
reduced toa minimum. The fact that the losses of nutrients are heaviest 
in the upper layers and surface of the silage is another reason for having 
the silo deep, because the loss per ton of total contents is thereby reduced. 

At the Wisconsin Station® King placed about 65 tons of green corn for- 

age in an air-tight silo in 8 layers, and determined the loss in each layer, 
after standing from September to March. The dry matter lost in the 

respective layers was as follows: surface (eighth) layer, 32.5 per ct.; 

seventh layer, 23.4 per ct.; sixth layer, 10.3 per ct.; fifth layer, 2.1 per 

et.; fourth layer, 7.0 per ect.; third layer, 2.8 per ct.; second layer, 3.5 

per ct.; and bottom layer 9.5 per ect. While the surface layer lost over 
32 per ct. of its original dry matter, the average loss in the first 5 layers 

from the bottom was less than 5 per et., and the loss for the whole silo 

only 8.1 per ct. 
407. Types of silos—Silos may be constructed of wood, solid concrete, 

concrete blocks, brick, stone, glazed tile, or sheet steel. Im the semi-arid 

regions pit silos, preferably with cement lining and curb, are extensively 
used, but these are impracticable in humid climates. In the southwestern 

states silos are sometimes built of adobe, reinforced with wire and plas- 
tered with cement. The choice between the various types of construc- 
tion, all of which make good silos when well-built, will depend upon local 

conditions. 
This work can present only the primary principles relating to silo 

Wis. Bul. 28., issued July, 1891. ° 5 Wis. Bul. 838. ‘Wis. Bul. 83. 
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construction, advising those interested to secure from the state experi- 
ment stations or the United States Department of Agriculture instruc- 
tions concerning the form, materials, manner of construction, etc., as 
detailed in bulletins which are available for the asking. 

408. Advantages of silage——The widespread use of the silo for the 
preservation of forage is easily explained when we consider the advan- 
tages this system offers, the more important of which are: 

1. At a low expense silage furnishes high-quality succulent feed for 
any desired season of the year. For winter feeding silage is far cheaper 
than roots and is as efficient a feed, except possibly in the case of animals 

being fitted for shows or milch cows on forced test. (109, 365) For sum- 
mer feeding silage furnishes succulent feed with less bother and expense 
than do soiling crops. Dairy cows yield no greater product from soilage 
than from silage. (420, 642) 

2. When crops are properly ensiled less of the nutrients are wasted 
thru the fermentations which take place than are lost when the forage is 
cured as hay or dry fodder. (301, 330, 332) 

3. Silage, even from plants with coarse stalks, such as corn and the 

sorghums, is eaten practically without waste. On the other hand from 
20 to 35 per ct. of dry corn fodder, even if of good quality, is usually 
wasted.? The use of silage thus permits the keeping of more stock on a 
given area of land, a factor of much importance on high-priced land. 

4. Crops may be ensiled when the weather does not permit of curing 
them into dry fodder. In some sections of the South it is almost im- 

possible to preserve the corn crop satisfactorily as grain and stover on 
account of the humidity, and also because rodents and weevils cause 

great loss in the stored grain.* Preservation as silage obviates both 
difficulties. 

5. Weedy crops which would make poor hay may make silage of good 

quality, the ensiling process killing practically all the weed seeds pres- 
ent.°® 

6. The product from a given area can be stored in less space as silage 
than as dry forage. A cubic foot of hay in the mow, weighing about 5 

lbs., contains approximately 4.3 lbs. of dry matter. An average cubic 

foot of corn silage from a 30-foot silo, weighing about 39.6 lbs., will con- 
tain 10.4 lbs. dry matter, or nearly 2.5 times as much. Dry corn fodder 

takes up even more space per pound of dry matter than hay. In climates 
where it is necessary to store fodder under cover this may be an added 
reason for the use of the silo. 

409. Crops for the silo—The suitability of the leading crops for silage 
has been discussed in detail in the foregoing chapters. Where it thrives 

Indian corn is the best silage plant. (300) The sorghums, including 
both the sorghos and the grain sorghums, are next in value and im- 

portance, as crops for silage. (309) In England meadow grasses have 

c Skinner and Cochel, Ind. Bul. 129. ° Washburn, Vt. Bul. 170. 

‘Ferris, Miss. Bul. 158. 
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been converted into stack silage, in which case the decaying outside pro- 
tects the terior of the mass—a practice which, however, is not gaining 
favor. Potts of Australiat® reports that 3 tons of grass silage is esti- 
mated to be worth 1 ton of oat hay. A stack containing 200 tons of grass 

silage, opened after 10 years, furnished good feed. Georgeson of the 
Alaska Experiment Station™ reports that fresh native grasses kept well 
when stored im a log silo made smooth inside, and that such silage satis- 
factorily maintained oxen during 3 winters. Green cereals are fairly 
satisfactory for silage, providing they are ensiled before the stems 
have become woody. (818) Since the hollow stems of these plants con- 
tain air, such forage must be closely compacted in the silo. 

As a class the legumes have proved disappointing for silage when 

ensiled alone. (842, 848) Better results have been secured when such 
crops as alfalfa and clover are ensiled with plants whieh carry more 
sugar and less protein, such as green rye, wheat, corn, or sorghum. 

Except where weather conditions prevent curing these legumes into 
satisfactory hay, there is usually little need of ensiling them, for more 

reliable silage crops may usually be grown. When ensiled with corn or 

the sorghums, cowpeas and soybeans produce silage of high quality, 
rich in protein. (357-8) The refuse of pea canneries makes a silage 
much relished by farm animals. (356) 

Such substances as beet pulp, beet tops, apple pomace, the waste from 
sweet corn canneries, and sorghum bagasse may be successfully ensiled 
in silos, or placed in heaps and covered with earth, or, if no better 
provision can be made, massed in large heaps without covering, in which 

ease the outside portion on decaying forms a preserving erust. (274, 356) 
Cooke of the Vermont Station’? found that ensiled apple pomace was 
preferred by cows to either hay or corn fodder, and concludes that it 

has a value equal to corn silage for cows. (685) Boyee of Australia** 

reports prickly pears making silage relished by cattle, the thorns soften- 
ing and becoming harmless. Weeds and other waste vegetation may 

sometimes be advantageously ensiled. Featherstonhaugh of Australia* 
reports a case where 800 tons of ensiled thistles made satisfactory silage. 

Attempts to ensile cabbage, rape, and turnips have failed, the product 
being ill-smelling and watery. 

410. Cost of silage—The cost of silage per ton will vary widely de- 
pending on the price of labor, the yield of forage per acre, rent of land, 

ete. The following summary of recent data from 4 experiment stations 

gives the approximate ton and acre cost of growing a silage crop and 
placing it in the silo, including the rent of land, cost of fertilizers, 

man and horse labor, interest and depreciation on machinery and silo, 

and other charges, such as the cost of twine and fuel: 

eN. S. Wales Gaz., Vol. 15, p. 82. BSN. S. Wales Gaz., Vol. 8, p. 505. 

“ Alaska Bul. 1. “%N. S. Wales Gaz., Vol. 9, p. 71. 

2Vt. Rpt. 1903. 
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Jost per acre of corn silage 

Minnesota, Illinois Ohio New Jersey 
Station, Station,'6 Station,” Station,!4 
201 acres 147 acres 115 acres 30 acres 
Dollars Dollars Dollars Dollars 

AMOUNT OMUG AL ety wi githivaris mide nee ach 3.75 5.28 3.81 eA 
Manure or fertilizers............ Met He 3 1.46 | 10.15 
Beed wettiee di AA i ar te a 1.06 0.42 0.28 ; eae 
zabor growing and cutting crop.. 5.19 De 2A : 
Labor filling silo................ 4.12 12.26 14 68 Poet 
BION eee. ce asiunc reine ada neen: 0.36 0.41 0.18 | 
IEA a eae ee OF AD 0.46 0.25 10 .84. 
Rental of power for cutter....... 1.39 121 1.36 | 
Interest and depreciation on farm 

MIOIIFIOR: ocd pee eave 1.56 1.76 1.34 
Miscellaneous...) ives ieee s els 0.58 0.42 

Total cost per acre............ 18.98 26.11 23.73 29 .26* 
REOMITDORVOM ARK Sieh esi eas baa 3.30 Nhe 3,65* 

* Not including rent and interest and depreciation on farm machinery. 
‘6 Minn, Bul, 145, 17 Ohio Bul, 266. 
‘© Unpublished data. 18 N. J. Rpt, 1913, pp. 414-415. 

Carrier of the United States Department of Agriculture,’ collecting 
data from 31 Wisconsin and Michigan farms, found the amount of corn 
forage placed in the silo daily varied from 3.3 to 7.4 tons for each man 
employed. Chase and Wood of the Nebraska Station,”® gathering data 
for 341 acres of silage corn, found that the average cost per ton in filling 

silos was as follows: Cutting with binder, $.20; hauling, $.44; putting 
in silo, $.40; twine, $.03; and interest and depreciation on silo, $.32. 
Figuring corn at $.50 per bushel and stover at $.50 per acre the total 
average cost of the silage was $2.98 per ton. 

411. Silage on the stock farm.—The use of silage has practically 
revolutionized the feeding of dairy cattle over a large part of the United 
States, and is fast assuming equal importance for the feeding of beef 
cattle and sheep. This succulent feed tends to keep the bowels normal, 
the body tissues sappy, the skin pliant, and the coat glossy, all of which 
mark the animals as in condition to make the most from their feed. (109) 

Furnishing at any time of the year a uniform supply of succulence 
nearly equal in palatability and nutritive effect to the pasturage of 

early summer, silage is eminently suited to the dairy cow. (629-86) As 
shown by the trials reviewed in later chapters, thru the wise use of 
silage for fattening cattle and sheep the cost of meat production may 

be materially lowered. (774-83, 866-70) Silage is especially valuable for 
breeding stock and young animals, which would otherwise often be 
wintered exclusively on dry forage. On too many farms stock cattle 
barely hold their own during winter. This means that for half of each 
year all the feed consumed goes for body maintenance, returning nothing 

to the owner, and serving only to carry the animals over winter and to 
pasture time, when they once more begin to gain in weight and thereby 
really increase in value. By the use of corn silage, combined with other 

TU, S. Farmers’ Bul. 292. “Nebr. Bul. 145. 
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cheap roughages, young cattle can be made to gain steadily all winter 

at small cost, so that with the coming of spring they will not only have 
increased in weight but are in condition to go on pasture and make 
the largest possible gains. 

Silage is a valuable sueculence for the breeding flock, but must be 
fed in moderation to ewes before lambing or weak, flabby lambs may 
result. (884) Good silage may also be used in a limited way with idle 

horses and those not hard worked in winter, especially brood mares and 

colts. (510) Spoiled, moldy soilage should always be discarded, and 

special care must be taken to feed no such material to sheep or horses, 

which are much more easily affected thereby than are eattle. Silage 
which is unduly sour is apt to cause digestive disturbances with sheep. 
Kor all amimals only as mueh silage should be supplied as will be 

cleaned up at each feeding. Care should be taken to remove any 

waste for this sueewlence spoils in a comparatively short time on 

exposure to the air. Hyrozen silage must be thawed before feeding. 

[If then given before any decomposition takes place no harm will result 
from its use.* 

On high-priced land and with high prices ruling for purchased econ- 

ecentrates and for labor the farmer will find the legumes and Indian 

corn or the sorghums his best crop alhes. Heavily manured land will 

yield enormous erops of corn or sorghum forage carrying much grain, 

and this, utilized in part as dry forage, but mostly as silage, will 

materially extend the feeding powers of the farm in roughage rich in 

earbohydrates. Then let red elover, alfalfa, cowpeas, vetch, or other 

legumes be grown to furnish a protein-rich dry roughage. With an 
abundance of silage and legume hay the stockman need then supply 
only the minimum of rich concentrates which he must either grow or 
purchase. With this combination of feeds the number of animals the 
farm will earry is greatly increased, to the great advantage of both 

land and owner, and the cost of producing meat and milk is eut to 

the minimum. 
412. Summer silage.—In many districts summer droughts frequently 

injure the pastures, making necessary the supplying of additional feed 

to maintain satisfactory production with dairy cows and other farm 
animals. Especially on high-priced land, where intensive agriculture 
must be followed, it is often desirable to keep more animals than ean 
profitably be maintained entirely on pasture during the summer. Silage 

will admirably meet both these needs where enough animals are kept 

to feed off 2 inches or more of silage each day so that the surface will 

not decay. (420) 
In trials covering 3 years at the Wisconsin Station** Woll, Humphrey, 

and Oosterhuis compared corn silage and soilage as summer supplements 

to pasture for dairy cows. In the production of milk and butter fat 
the silage ration was as efficient as that containing soilage, and also far 

10. S. Farmers’ Bul. 556. “Wis. Bul. 235. 
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cheaper and more convenient. (642) ‘lo provide a succession of green 

feed for animals by means of soiling crops it is necessary to fit and plant 
comparatively small areas to different crops at different times. As the 
eut soilage will quickly heat in warm weather if placed in piles and 

will then be less palatable, a supply must be harvested each day or at 
least about every 2 days. Harvesting in small quantities and in all 

sorts of weather is inconvenient and expensive, and moreover the work 

must be done at the busiest season of the year. On the other hand, 

when corn or the sorghums are grown for silage the large fields are fitted, 

planted, cultivated, and harvested with labor saving machinery at a 

minimum expense, and feeding the silage takes but a few minutes daily. 

Corn and sorghum return greater yields of nutrients than many of 

the crops it is necessary to include in a soiling system. Silage furnishes 

feed of uniformly high quality thruout the season, a goal which is diffi- 
cult to attain by soiling, for one crop is often exhausted or too mature 

before the next is in prime condition for feeding. The years when 
drought is severe and pastures unusually short are the very times when 

soiling crops will be scant or may even fail. By means of the silo, the 

crop may be carried over from one year to the next, thus providing 

insurance against drought. 

413. Filling the silo.—Provided the material is closely packed, it is 
not essential that green forage be cut into bits to preserve it in the silo. 
The legumes, such as alfalfa, clover, cowpea vines, ete., are often 
ensiled uncut, and some farmers ensile whole corn forage, tied in bundles. 

Especially with such coarse material as corn or sorghum, the forage 

packs much better when cut into short lengths by passing thru a 

silage cutter. For this reason and because of the greater ease in filling 

and especially in removing the silage, corn and sorghum are commonly 

eut before being ensiled, preferably into one-half to one inch lengths, 

for if cut longer than this stock may refuse the coarser portions. 
When filling the silo the inpouring material should be thoroly mixed 

and evenly spread, so as to prevent uneven settling, as well as to make 

the mass uniform for feeding. As the friction of the walls retards the 

settling of the adjacent forage, material here should be kept slightly 
higher than in the center and should be especially well-tramped. The 
silage settles best when several days are occupied in filling the silo, for 

time is required for the forage to soften and settle and to expel the 
entangled air thru heat and the generation of carbon dioxid. After 
the mass has settled considerably, more forage may be placed in the 

silo, but any spoiled material should first be removed. If feeding is 
not to begin immediately, the surface should be wet down thoroly and 
tramped well several times the first week, when an impervious layer 
of rotten silage will form on top and only a few inches will be spoiled. 
To lessen the waste it is well to remove the ears from the last few loads 

of corn. A covering of a foot or so of cheap refuse, such as straw, 

weeds, or corn stalks, wet with water, will save the more valuable 
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forage underneath. Oat or wheat grains scattered over the top of the 

ensiled mass soon germinate and form a mat which helps to keep out 
the air. The crust should not be disturbed until feeding commences, 
when all spoiled silage should be removed and discarded. When the 
forage becomes dry before being ensiled water should be added either 

to the mass in the silo or preferably to the cut forage as it passes thru 

the blower. 
414. Danger from carbon dioxid.—In silo filling there is possible danger 

to those who go into the pit after an intermission, due to the generation of 
earbonie acid gas, which sometimes accumulates in sufficient quantity 
to prove fatal to life. The possibility of danger may be ascertained 
by lowering a lighted lantern or candle into the pit. If the light con- 

tinues to burn at the bottom human beings can live in the same atmos- 

phere, but if it goes out it means death to one entering the pit. The 
opening of a door low down in the silo will allow the poisonous gas 
to pour out, or pouring a lot of cut forage into the pit soon creates a circu- 

lation which removes the danger. 
415. Weight of silage—King* reports the weight of silage from well- 

matured corn 2 days after filling the silo to be as follows: 

Weight of a cubic foot of corn silage at different depths 
Weight at Mean weight for 

Depth given depth whole depth 
Lbs. Lbs. 

STOO Gig Get fats cite atau tien Sie ht cee eae 18.7 18.7 
LOHGGte siete et eer ey ee Re ae ee Soul 26.1 
D0 feetien o)x kame: cae ho de ia ae ee ee 46 .2 Ome 
SOMeC ts aioe devas San Set eee | es tie se ae 56 .4 39.6 
SOdeCCt a. ds hence ta cea ten © cht Weta ese 61.0 42.8 

The second column shows that 10 ft. from the top corn silage weighs 
about 33 lbs. per cubic ft., while 36 ft. down it weighs 61 lbs., or nearly 
twice as much. The last column shows that the whole mass down to 10 

ft. has a mean weight of about 26 lbs., while the whole mass in a silo 
filled to a depth of 36 ft. has an average weight of 42.8 Ibs. per cubic foot. 

416, Capacity of the silo—The following table, chiefly from data 
obtained by King,** shows the approximate capacity of cylindrical silos 
for well-matured corn silage 2 days after filling. The depth indicated 
is the actual depth of the silage, not the height of the silo wall. It 
is therefore necessary to have the silo about 5 feet higher than the 

depth given to allow for settling. 
The table shows, for example, that a silo 20 ft. deep and 15 ft. in di- 

ameter will hold about 59 tons of eut corn silage, one 32 ft. deep and 

26 ft. in diameter about 346 tons, and one 40 ft. deep and 22 ft. in 

diameter about 340 tons. 

23 Wis. Bul. 59. 2 Wis. Bul. 59. 
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Approximate capacity of cylindrical silos in tons of corn silage 

Inside diameter in feet 

Depth of silage in feet 

AD) ce: Sathd cab eee 26 38 | 51 Beh |) OZ 85 | 105 | 127 | Lol | 177 
OUI 28 40 | 55] 63] 72) 91 | 112 | 1385 | 161 | 189 
7763 b\6) ob a OR a tae 30 43) 59 |) 67>) 701) O97) 1200) 145 |) 172) | 202 
23". i, AO Ce eee 32 46 | 62| 72] 82] 103 | 128 | 154 | 184 | 216 
2h. Cie en a 34 49 | 67 | 76; 86] 110 | 135 | 164 | 195 | 229 
PAB) Jo cite Gb ORO DIS 36 62; 71 | 81) 91 | 116 | 143 | 173 | 206 | 242 
PAD). 5 he oO CeO 38 55 | 75 | 85] 97 | 123 | 152 | 184 | 219 | 257 
2 cc 3 OG) RCE OO TORRE 40 58 | 79 | 90 | 102 | 130 | 160 | 194 | 231 | 271 
2S. ore SLO RhE REI ane Mie 42 61 | 83} 95 | 109 | 137 | 169 | 205 | 243 | 285 
2A) 1 ee RE 44 64 | 87 | 100 | 114 | 144 | 178 | 216 | 256 | 300 
SMU VS Sy! ascoy atop ata, Belen ae 47 Gf} ON 5105) 119) | AS51187, 226) 269) | Sd 
Sane ete Stuer ase Sects ene 49 70 | 96 | 110 | 125 | 158 | 196 | 237 | 282 | 330 
Pn 6 Here BRR RS ore aOS 51 74 | 100 | 115 | 131 | 166 | 205 | 248 | 295 | 346 
Ie ars eet oy dete yet ss na5 56 SON TLO9) | M26 4S a SUSis | 2240 27 a eee 
SIS) cic hate lon tea eee 61 87 | 118 | 136 | 155 | 196 | 243 | 293 
11) cg ee ae ee RR 70 | 101 | 138 | 160 | 180 | 228 | 282 | 340 

417. Proper size of the silo.— The diameter of the silo should be gauged 

by the number and kind of animals to fed from it, and its height by the 
length of the feeding period. The silo should be of such diameter that 

in the cooler part of the year at least 1.5 inches, and preferably 2 inches, 
of silage will be removed from the entire surface daily to keep the sur- 
face from spoiling. When silage is used for summer feeding somewhat 

more should be removed daily. The exact size of silo required may be 

computed from the length of the feeding period and the amount required 
daily for the different kinds of stock, as shown in the respective chapters 
of Part III. Knowing the number of animals of each kind to be fed, 

the entire amount of silage which will be consumed daily may be ascer- 
tained. The maximum diameter which the silo should have, may then 
be determined from the following: Two inches in depth of ordinary 
corn silage weighs about 3 Ibs. per surface square foot near the top of 

-the silo and 9 lbs. near the bottom, averaging about 6.6 lbs. in a silo 
filled to a depth of 30 feet. To use 2 inches from the surface each day 
the amounts indicated below should be fed daily from silos of various 

diameters. 

Minimum amount of silage to be fed daily from silos of various diameters 
Diameter Minimum amount Diameter Minimum amount 

of silo of silage of silo of silage 
Lbs. Lbs. 

1OWMeChe Aer eh eee ae 520 TS Feet ih Ue eRe ERE tees 1,680 
TM TeCt EAS, Le RRO TT) 625 PAVE ene ME Hate id bce cee ae 2,075 
TOMTCER Yo cee steeecies 745 PANTS PHO NS eh DARA BN aN 2,510 
TAN FEE RIT esr y ccc a 1,015 DA Teeth ae pee a. sori ae Aes 2,985 
UGiLCCtR See ore eee 1,325 QGifeett Nee ee ae 3,505 

In cold weather and when the silage is well packed, a somewhat 

smaller amount may be removed daily. 
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When the minimum diameter which the silo should have has thus 
been determined, the total amount of silage required for the desired 

feeding period may be computed and the dimensions for a silo of this 
capacity found by referring to the table in the preceding article. It 

should be borne in mind that silage in a relatively deep silo keeps better 

than in a shallow one, and that a deep silo is the most economical to 

construct. King’ found that a silo 36 ft. in depth will store 5 times 

as much feed as one 12 ft. deep, due to the greater compactness of the 
stored mass. Many silos are now built 40 ft. or even more in depth. 
A silo 20 ft. in diameter will hold 4 times as much as one having half 
that diameter, while it costs but twice as much to build. Gurler?® 
advises against silos over 25 ft. in diameter on account of the increased 
labor involved in removing the silage. 

II. SomaGgE 

Soilage means supplying forage fresh from the field to animals in 

confinement. It was first brought to public attention in this country 

by Josiah Quincy, whose admirable essays, printed in the Massachusetts 
Agricultural Journal in 1820, were later gathered into a_ booklet 

entitled ‘‘The Soiling of Cattle,’’ long since out of print. Soilage, one 
of the most intensive forms of husbandry, is especially helpful where 
it is desired to concentrate labor and capital in maintaining farm ani- 
mals on a relatively small area of land. 

So far as known to the authors the word ‘‘soilage’’ was used for the 

first time in an editorial in the New York Independent of March 11, 1909 
by E. P. Powell, the helpful, charming writer on rural topics. It is in 

a class with the words ‘‘leafage,’’ ‘‘herbage,’’ ‘‘forage,’’ ‘‘pasturage,’’ 
and ‘‘silage,’’? and is here adopted as a valuable accession to our all too 
brief distinctively agricultural vocabulary. 

418. Advantages and disadvantages of soilage——Compared with allow- 
ing animals to gather their food by grazing, soiling has the following 

advantages: 1. With all crops, even grasses, which soon spring up 

again when grazed, a larger yield is secured by allowing the plants to 
nearly mature before harvesting than by pasturing them.*”? (310) 2. 

With a properly planned succession of soiling crops an abundance of 
palatable feed may usually be supplhed thruout the season, so that the 

production of the animals will not decline if pastures become parched 
in midsummer. 3. None of the forage is wasted thru being tramped 
down by the animals or fouled with manure. 4. Less fencing is required. 
5. In bad weather cattle will be more comfortable fed soiling crops in 
the stable than when grazing. 

The greater expenditure for labor, seed, and fertilizer in producing 
the crops and for labor in cutting and earrying them to the animals 
are the chief disadvantages of soilage. In warm weather soilage will 

“Physics of Agriculture. oe Largely from Quincy, The Soiling of Cattle. 

“The Farm Dairy. 
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ferment and mold in a short time if left in piles. When but few animals 
are fed the green forage may be spread thinly on the barn floor, where 
it will keep, but soilage thus handled dries out and is less palatable. 

Where a considerable quantity is harvested at one time much labor may 

be saved by using the mower and horse rake. During wet spells the 

palatability of the soilage is reduced, and it is difficult to harvest and 
cart the food to the animals without injury to the land. On the other 

hand, pastures also suffer if grazed while wet. 
419, Yield of pasturage and soilage. —Quincy reports that he main- 

tained 20 cows in stalls, allowing exercise in an open yard, on the soilage 
from 17 acres of land where 50 acres had been required when the land 

was pastured. 
The senior author*® kept 3 cows for 122 days in summer on 3.7 acres 

of excellent bluegrass pasture at the Wisconsin Station and maintained 
3 others in stable and yard for the same period by feeding soiling crops 
(green clover, fodder corn, and oats) from 1.5 acres. On this area a 

total of 44,835 lbs. of green forage was produced. The product from 

an acre under each system was as follows: 

Yield of milk and butter from 1 acre of soiling crops and pasture 
Milk per acre Butter per acre 

Lbs. Lbs. 

Bronail! acre/of/soiling-crope. 2-2. 2. oo 4,782 196 
Hrommleacre Olmpasuunerren sees se asic ool: 1,780 82 

This shows that in Wisconsin 1 acre of soilage crops equalled about 

2.5 aeres of good bluegrass pasture for feeding dairy cows. 

Otis of the Kansas Station*® found that it required 0.71 acre of 
soiling crops, half the area being alfalfa, to furnish a cow roughage for 

144 days, while, when the cow was grazed, during the same period it 

required 3.6 acres of pasture composed of prairie and mixed grasses. 
After allowing for the grain consumed, soilage returned $18.08 and 
pasturage $4.23 per acre. Voorhees*’ found that to produce a ton of 
dry matter in soiling crops yielding from 3 to 4.5 tons of dry matter 

per acre annually, cost on an average $6.50, and that the total cost per 
ton of dry matter, including cutting and hauling to the barn, would 
be about $9.21. The feeding value of this dry matter was nearly equal 

to that in purchased concentrates costing over $20 per ton. 
420, The place of soilage on American farms.—It has been shown 

before (412), that silage is a more economical means of supplying succu- 
lent feed in summer than is soilage. On farms where too few animals 

are kept to prevent the molding of the surface of the silage as it is fed 
off or where a silo is not available, soilage should be provided to prevent 

the usual midsummer shrinkage in milk flow with cows, and in flesh with 

beef cattle or sheep. Under this system animals may be housed in 

darkened stables away from the flies during the heated portion of the 

day and fed liberally with fresh cut soilage, being turned to pasture 

at night for exercise and grazing. Young cattle will then continue 

Wis. Rpt. 1885. *Kan. Press Bul. 71. “Forage Crops. *“N. J. Rpt. 1907. 
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growing, steers will increase in fatness, and cows yield a normal flow 

of milk during a period of the year when, because of heat, flies, and 
secant pastures, there is quite commonly no profit, and sometimes serious 

loss. It is also often advantageous to supply extra green forage during 

the fall months, even tho the pastures have then partly recovered their 
ability to supply nutriment. 

Because of the high price of labor in this country it is not usually 

economical to maintain cattle in summer on soilage or silage with no 
pasturage in regions where good summer pastures may be provided. On 

high-priced land where it is desired to keep as many animals as pos- 
sible on a given area such a system may be the most profitable. In 
Europe where labor is relatively cheap compared with land, a much 
wider use can economically be made of soilage. 

421. Crops for soilage.—A long list of crops are well suited for soilage, 
including the various legumes, such as alfalfa, the clovers, field peas, 

cowpeas, and soybeans; the cereals, as rye, wheat, barley, and oats; 

the smaller grasses; and especially corn—sweet corn for early feeding 

and field corn later— and the sorghums. The adaptability of all these 

for soilage has been discussed in the preceding chapters. 
Soiling crops should not be fed until reasonably mature. Green, 

immature plants are composed largely of water, and often cattle cannot 

consume enough of them to secure the required nourishment. (28, 310) 
For this reason, where quite green crops are fed, some dry forage should 

also be supplied. 
422. A soiling chart.—Wherever soilage is practiced, a succession of 

crops must be carefully planned so that a continuous supply of green 

forage of the proper stage of maturity will be available over the period 
desired. This must be worked out by each farmer, bearing in mind the 

yields and seasons of maturity of the various crops which are suited to 
his soil and climatic conditions. In such planning it is helpful to pre- 

pare a soiling chart, similar to the following, worked out by Voorhees 

of the New Jersey Station,®? which will show the area of each crop to 
be grown, the date of seeding, the period of feeding, and the estimated 
yield. Any attempt in this line will be more or less imperfect at first 
but may be modified from growing experience and close study to meet 

the local conditions. 
This chart is an example of a practical system of soilage, since it 

records the actual attainment of one who most successfully specialized 
in this system for many years. The results here reported were obtained 
upon lands once regarded as of low agricultural value, brought to high 
productiveness by systematic soilage and fertilization. The table shows 

that 24 acres of land, producing 2 and sometimes 3 crops during the 

season, yielded 278.3 tons of green forage, supplying an average of 60.4 

Ibs. of green forage daily per head to an equivalent of 50 dairy cows 
from May 1 to November 1, a period of 6 months. 

Forage Crops, p. 35. 
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Soiling crops grown at the New Jersey Station for the support of a herd 
equal to 50 dairy cows for 6 months 

Total crops on Persea pees | 
Bushels Tons 

POMEMPNAOLES cif ee ies ce oka 4.0 Sept. 27 | May 1-7 9.4 
IRQ) 2 EXGRCes ue Ree ct en SPR Eee itt 4.0 Oct. 3 | May 7-19 19.2 
Aiidiiaelvacre, Ust cuttings... i... 0.6 May 14 | May 19-25 ib oat 
DMMTeSeTACTES. fs. oa) nos Meme. ek ss 4.0 Sept. 26 | May 25-June 1 | 10.4 
@rimson! clover) Gacres:...'. 2.2... 1:7 2 July 16 | June 1-21 42.8 
Micedserasses® Ikacren acim, « atitaiyciy alicsetc > cyablllsastc. count. June 21-26 8.3 

Oats-and-peas, 2 acres.............. ao April 2 | June 26—-July 4 | 12.4 

Oats-and-peas, 2 acres.............. i ae April 11 | July 4-9 8.2 

ANIWEDIETS S PXo WoL TUES CF A RR Sie ee Ba ea ae July 9-11 Deal 

Oats-and-peas, 5 acres.............. { oo 3} April 19 | July 11-22 16.4 

Southern white corn, 2 acres......... 0.5 May 2 | July 22—Aug. 3 | 17.7 
Barnyard mullet, 2 acres......:.:..:. 1.4 June 19 | Aug. 3-19 PB} D2 
NOvDeaMswl MACTES ch saa sin cS alk. « 2.0 June 1 | Aug. 19-25 8.8 
COwDeRSwl aACres sijcy. cress WY ss cai ois 2.0 June 10 | Aug. 25-Sept.1 | 10.5 

Cowpeas-and-kafir corn, 2 acres...... { 4 on July 10 | Sept. 1-16 24.4 

Resnlimillet, 2lacresi! A295!) . fete. 1 0.25 | July 11 | Sept. 16-Oct. 1 | 20.2 
Comnenis mI acre ices Maks wattt al cee 125 July 24 |.Oct= 1= 5 8.0 
Mixed grasses, 5 acres (partly dried)..|.....:..].......... Oct. 5-27 20.0 
aRleVAPZNaCLES: oh. Meo etcte ok. see 3.5 Sept. 2 | Oct. 27—Nov. 1 5.2 

eee Se | es 

“INGNIGIL 3 a Sa ane ees eae eece tne Mere RCS (Cg ne at akcaearesy cat, 3 ike 278.3 

III. THE PREPARATION OF FEEDS 

In the nomadic stage of husbandry the animals gathered their own 
food, the care of the owner ending when grazing, water, and protection 
from marauders were provided. With the change from primitive times 
the growing of plants and their conservation for animal use becomes 
an ever-increasing burden on the stockman. It is therefore a question 
of prime importance to determine to what extent such preparation of 
feeds as grinding or rolling grain, cutting or chaffing hay and coarse 
forage, and cooking various feeding stuffs is profitable. 

The purpose of such artificial preparation of feed is to make it more 
digestible, to improve its palatability, or to permit the mixing of well- 
liked feeding stuffs with materials which would otherwise be refused. 
In studying any method of preparing feeds farmers must not only con- 
sider the beneficial effect, if any, on the animals, but must also determine 
whether such effect is marked enough to warrant the added expense in- 
eurred. The value of the different practices for each class of stock is 
discussed in detail in the respective chapters of Part III, but a summary 
of the conclusions there drawn will be helpful in showing the principles 
which should govern the feeder in deciding how far to employ such 

methods of preparation. 
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423. Grinding, crushing, or rolling grain—As has been shown before 
(83), grinding, crushing, or rolling grain increases the digestibility only 

when animals fail to masticate the whole grain. In fact, grinding grain 
so finely that it 1s bolted with little chewing may sometimes decrease 

the digestibility because of imperfect mixture with the saliva. For all 
animals, such grains as bald barley or rice, which are unusually hard, 

or small seeds, such as millet, grain from the sorghums, or weed seeds, 
should ordinarily be ground. For animals with poor teeth or for young 

animals before their teeth are well developed, grinding grain in general 

is advisable. Ordinarily horses can grind their own oats and corn, and 
idle horses should always do so. For horses which are hard-worked 

and spend much of their time away from the stable the grain may well 
be ground and mixed with a small allowance of moistened chaffed hay. 

(462) <A cow yielding a large flow of milk is a hard-worked animal, 
and her grain should usually be ground. (668) Where pigs follow 
fattening cattle to gather up any grain which escapes mastication and 

digestion there is no advantage in grinding corn or even shelling it, 
except perhaps toward the close of the feeding period when the cattle 
may be induced to eat more by grinding. Where no pigs run with 

cattle, it is usually economical to grind or crush the corn before feeding. 

(735-6) Except in the case of small or hard seeds, sheep with good 

teeth should grind their own grain. (835) While it pays to grind the 

small grains for pigs, there is no appreciable advantage in grinding corn 
for pigs weighing 150 lbs. or less. For older animals such preparation 
may sometimes be profitable. (920-1) 

424, Cutting or chaffing forage.—Passing such coarse forages as corn 

or the sorghums thru a feed cutter or shredder is usually profitable, not 
because the portions consumed are digested more completely but because 
the animals waste less of the feed and the cut forage is more convenient 

to handle. This applies to soilage as well as to cured forage. (297) 
Where hay is palatable and consumed with little waste, it is ordinarily 

not economical to cut or chaff it for cattle or sheep, unless it is desired 
to mix the good-quality hay with other less palatable feed so that the 
whole will be consumed. Such preparation will often pay with roughage 

of poor quality as the animals will consume the cut forage with less 

waste. (885) The use of cut, or chaffed, hay and straw is common in 

establishments where large numbers of horses are kept. <A little water 

lays the dust of chaffed hay, and the feeder can rapidly and accurately 

apportion the allowance for each animal. If meal is mingled with a 
limited portion of moistened chaffed hay, the mixture is in condition to 
be quickly masticated and swallowed so that it can remain longer in the 
stomach undergoing digestion—an item of importance with hard-worked 
horses which are in the stable only at night. (459) 

Hay or straw should not be cut so fine that the animals will swallow it 
without chewing, or in the case of ruminants, that it will escape rumi- 
nation. Kellner** recommends that straw be cut into pieces 1 to 1.4 inches 

“BWrnahr. landw. Nutztiere, 1907, p. 265. 
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long for cattle and 0.6 to 1 inch long for horses and sheep, green fodder 
and hay being cut somewhat longer. 

425. Cooking feed—In 1854 Professor Mapes voiced the popular 
opinion of those days when he wrote:*t ‘‘Raw food is not in condition 
to be approximated to the tissues of animal life. The experiment often 
tried has proved that 18 or 19 lbs. of cooked corn are equal to 30 Ibs. of 
raw corn for hog feed.’’ Numerous scientific trials have since demon- 
strated, however, that in general cooking feed does not increase its 

digestibility, and in fact decreases the digestibility of the crude protein. 
(83, 922) This is shown by the trials of Ladd at the New York 

(Geneva) Station,®° in which he determined artificially the digestibility 
of the crude protein in several common feeds, before and after cooking, 
with the results shown below: 

Influence of cooking on digestibility of crude protein 
Per cent digested 

Uncooked Cooked 
Per ct. Per ct. 

HIRES MECOBIEIN CA lithe 5.5 8s tame hoevecine eh ba Glee a Be dls 68 .6 60.5 
Oldgcornemesley pine chats vce i een tea amea bE W226 63 .2 
(CILaNTGi Gi See Oe Fn SO Bee Ge aR Pa 67 .7 53.3 
Wottonseedhrn callti.giecyy eee eg gh s  eis Rises sip eishe se crate 87.7 73 8 

In each case cooking lowered the digestibility of the crude protein. 
426. Steaming roughage for cattle—Fifty years ago and even later, 

there could be found in this country establishments more or less elaborate 
used for steaming or boiling straw, corn stalks, hay etc., for cattle 

feeding; it is doubtful if there is to-day a single one for this purpose. 
Feeding steamed hay to oxen at Poppelsdorf, Germany,*® showed that 
steaming rendered the components of hay, especially the crude protein, 

less digestible. When dry hay was fed, 46 per ct. of the crude protein 
was digested, while in steamed hay only 30 per ct. was digested. The 

advice given years ago by the editor of an agricultural journal is as 
sound today as when given:*’ ‘‘The advantages are very slight and not 
worth the trouble of either building the fire, cutting the wood, or erecting 
the apparatus, to say nothing of all these combined, with danger and 

insurance added.”’ 
427. Cooking feed for swine.—While cooking feed for cattle was aban- 

doned years ago, it is still practiced to some extent for swine. Fortu- 
nately the matter has been carefully studied by several experiment 

stations and definite conclusions reached. The most extended trial was 
one running 9 years at the Maine Agricultural College,** in which 

cooked and uncooked corn meal were fed. In each ease there was a loss 
by cooking. It is not going too far to say that the investigators of this 

*Trans. Am. Inst., 1854, p. 3738. 

SN. Y. (Geneva) Rpt. 1885. 

%* Hornberger, Landw. Jahrb., 8, p. 9383; Armsby, Manual of Cattle Feeding, 
p. 266. 

“Country Gentleman, 1861, p. 112. 

s Ann. Rpt. of Trustees of the Maine State Col. of Agr., 1878. 
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subject usually began their studies in the full belief that the common 
feeding stuffs would be improved by cooking. The following are fair 

samples of the comments which commonly accompanied the reports of 
feeding trials with cooked and uncooked feed for swine. 

Shelton*®®? closes an account of his own findings with these words: 

‘“The figures given above need but lhttle comment. They show as con- 
clusively as figures can show anything, that the cooked corn was less 
useful than the raw grain. ... Such entire unanimity of results can 

only be explained on the theory that the cooking was an injurious process 

so far as its use for food for fattening animals is concerned.’’ 
Brown of the Ontario Agricultural College,*® reviewing several trials 

with cooked and uncooked peas and corn, wrote: ‘‘I am not at present 
prepared to say definitely what other kinds of food may do, raw or 
cooked, with pigs or other domestic animals, or how the other animals 

will thrive with peas or corn, raw or boiled, but I now assert on the 
strongest possible grounds ... that for fast and cheap production of 
pork, raw peas are 50 per ect. better than cooked peas or Indian corn in 

any shape.’’ 
At the Wisconsin Station*! the senior author, starting with the belief 

that cooking must increase the value of the common feeds for swine, 
after some 15 trials with cooked and uncooked whole corn, corn meal, 
ground barley, and wheat middlings, was forced to the conclusion that 

the Maine findings were correct. (922) 
428. Stock bread—In some sections of Europe bread is made from 

eround cereals, leguminous seeds, potatoes, cut straw, chaff, ete., prin- 

cipally for horses, tho sometimes for calves’ and cattle. The bread may 
be more appetizing than the original materials, but the chemical changes 
which take place as a whole do not increase its nutritive value. Such 
preparation can be generally recommended only where unpalatable feed 
may thereby be consumed with less waste. Unless baked into hard 
biscuits such bread will keep only a comparatively short time. 

429. When cooking feed is advisable—No one can review the large 
accumulation of data from the experiment stations without being con- 
vinced that generally it does not pay to cook feed for farm stock when 

such feed will be satisfactorily consumed without cooking. However, a 
few feeds, such as the potato and the field bean of the North, can be 

successfully fed to swine only after being cooked. Hard grains and 

seeds which can not be ground should be cooked or soaked. Musty hay 

and corn fodder are rendered more palatable and safe by steaming. 

An occasional allowance of steamed or cooked barley or bran is 

especially helpful to horses because of its favorable action on the bowels, 

and this is doubtless true in lesser degree with fattening cattle. In 

winter, breeding swine and stock hogs are benefited by a daily feed of 

steamed roots, tubers, clover or alfalfa chaff, ete. with meal added. It 

is often advantageous to administer warm feed in winter, especially to 

swine, but warming should not be confused with cooking feed. 

Rpt. Prof. Agr., Kan. Agr. Col., 1885. “Ont. Rpt. 1876. “Wis. Rpt. 1893. 
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430. Soaking feed.—Corn becomes hard and flinty a few months after 
husking, and sometimes causes sore mouths, so little being then eaten 
that gains may cease or the animals lose in weight. Grain which is 

difficult of mastication should be either ground or softened by soaking, 
so that the animals may at all times consume full rations. Studying 
the results of 12 feeding trials with pigs at 8 stations, Rommel *? finds 
a difference of slightly over 2 per ct. in favor of soaked over dry feed 
for fattening pigs. Grisdale of the Ottawa Experimental Farms* found 
a loss from soaking ground grain, while whole grain returned better 
gains when soaked. (735, 923) . 

431. General conclusions——It has generally been assumed that by 
cutting, grinding, and cooking feed much labor is saved the animal, 
to the advantage of the feeder. This idea is based on the general theory 
that the less work the animal does in mastication and digestion the 
larger the net production of work, flesh, or milk. On the contrary, 
we know that the muscles of the body do not grow strong thru idleness, 
and that work and activity are conducive to bodily health, growth, and 
strength. We must therefore conclude that the organs of mastication 
and digestion should be kept working at their normal capacity. When 
cutting, grinding, cooking, or pulping brings more satisfaction to fatten- 
ing animals soon to be slaughtered, and causes them to consume heavier 
rations, such preparation may pay, as it may also with exceptionally 
hard-worked animals that have but limited time for taking their rations. 
Feeding liberally and in an orderly manner, with ample variety in wise 

combination, is more important and helpful than making feeds fine 
and soft so that they can be quickly swallowed with little chewing. 

“U.S. Dept. Agr., Bur. Anim., Indus., Bul. 47. 

* Ottawa Bul. 33. 



CHAPTER XVII 

MANURIAL VALUE OF KEEDING STUFFS 

Unless the plant food removed from the soil in erops is returned in 

some form, after a period of years reduced yields will tell the story of 

soil depletion, Already over ereat areas of our country the soil has 
heen so ‘mined’? of its original fertility that only by the liberal apph 

cation of commercial fertilizers are remunerative crops now possible. 

This is shown by the facet that during 1918 there were sold in the 

United States over 6,800,000 tons of commercial fertilizers, worth about 

$150,000,000, In the South Atlantie states alone over 3,750,000 tons were 

used, including’ hundreds of thousands of tons of eottonseed meal, 

Southern planters feed great quantities of cottonseed meal to their erops 

a vational agriculture would combine mixed eropping and stock 

erowing with colton raising, Mhe meal from the cotton seed would be 

fod to farm animals and the resulting manure, still rich in fertility, would 

pass back to the fields, thereby giving a double return, 

A judicious use of commercial fertilizers is highly commendable, but 

their place in general agriculture is to supplement deficiencies only 

after all the fertility in feeding stuffs that have been fed to lve stoek 

has been wisely and fully conserved, 

432. Farm manure as a fertilizer.—Just as with commercial fertilizers, 
the value of farm manure is computed on its content of nitrogen, phos- 

phoric acid, and potash, for of the constituents which plants remove from 

the soil only these need ordinarily be replaced. Phosphorie acid and 

potash, when naturally laekine in the soil, or when they have been 

carried off in crops or animals sold, must be replaced by means of com- 

moreial fertilizers or the manure of farm animals. The nitrogen needed 

may be indireetly obtained from the air by raising legumes, but in 

practice much is purchased alone with phosphoric acid and potash, 
Not only do farm manures supply plant food but the vegetable, or 

organic, matter they contain is important in increasing the productivity 

of the soil, As this vegetable matter eradually breaks down in the soil, 
the acid produets formed help dissolve and make available to plants 
some of the otherwise insoluble plant food im the soil. lurthermore, 
the humus formed from the organie matter of manure helps retain 

moisture, improves the soil texture, renders it more resistant to wind 
action, ete. The value of organic matter to the soil is shown by the 

fact that on fields lacking in humus such erops as rye are often grown 

and turned under as ereen manure for the sole purpose of inereasing 

the humus eontent, 
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Marm manures teem with bacteria of various kinds which cause 
chemical changes not only in the manure but also in the soil itself, con 
verting insoluble plant food into forms available for crop growth. 

After much practical work at the Ohio Station, Thorne! concludes 

that the fertilizing constituents of farm manures have as high a value per 
pound as those in such high-grade fertilizers as tankage, bone meal, and 

muriate of potash. In view of the highly beneficial effeets which farm 

manure has in addition to supplying nitrogen, phosphoric acid, and 

potash, this is a conservative estimate. Because of the enormous use 

of commercial fertilizers thruout the civilized world, the nitrogen, phos 

phorie acid, and potash they carry have a recognized market price per 

pound, which fluctuates no more than that of other standard articles of 

world-wide commerce, In this country the average price of these in 

gredients to those who buy in large quantities is about as follows: 

Nitrogen 18, phosphoric acid 4.5, and potash 5 cents per pound, These 
values are used in this volume in computing the fertilizing value of 

feeding stuffs and the manures resulting from feeding them to farm 

animals. 

433. Fertilizing constituents recovered in manure.—T'he proportion 
which is recovered in the manure of the total nitrogen, phosphoric acid, 

and potash supplied in the feed depends on the age and kind of animal, 
us shown in the following table from Warington :’ 

Proportion of nitrogen and ash of food which is voided by animal 
Nitrogen Ash 
Ver et, Ver et, 

PLOURG AL AV ODM ih tin nvies hen? cao ; Pp ee hh De. 100.0 100.0 
BULA TULL ISLOR AT catia ROHAN dA idiy 2 hud GY eLiLehave Added 9G J 97.7 
Vattening sheep a ge eT Meet ar nee 95 ,7 96 2 
Vattening pig fo Aatine Benet ieee AP et: a pea 85 3 96.0 
Milch cow. *) A eats | 75H BY ,7 
OPE ViCTUS oa eee ee ene eee ee BAA dh ten a a 30 ,7 4h 7 

The mature horse at work is merely repairing his body tissues as 

they are broken down. (140) Therefore no nitrogen or ash (containing 

the phosphoric acid and potash) is stored in his body, but all the 
nitrogen and practically all of the ash is voided in the manure, (A 
negligible amount of ash is excreted in the perspiration.) With fatten- 
ing animals whose bodies are nearly or quite mature, but little of the 
fertilizing constituents supplied in the food are retained in the body, 

over 95 per et. of both nitrogen and ash being voided by the fattening 

ox and sheep. (122) With the pig fattened while not yet mature and 
storing nitrogen in his lean-meat tissues, about 85 per et, of the nitrogen 

of the food is returned in the manure, As milk is rich in nitrogen and 

ash, the cow in milk voids only about 75 per ct. of the nitrogen and 89 
per ct. of the ash contained in her food, (150) The young calf, growing 

rapidly in bone, muscle, and body organs, voids only 30.7 per ct, of the 

nitrogen and 45.7 per et. of the ash in the food, storing the balance in 

1Ohio Bul, 183. 4CGhemistry of the Warm, p. 214, 
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its body. (118) Considering the proportion of young animals and of 
those giving milk on the average farm, it has been estimated® that from 

the feed supplied farm stock about 80 per et. of the nitrogen, phosphoric 
acid, and potash is ordinarily recovered in the feces and urine. The 
proportion of the organic matter of the food which is found in the 
feces will vary widely, depending on the proportion of difficultly diges- 
tible roughage in the ration. For well-fed ruminants and horses it 
ranges from 40 to over 50 per ect. As has been indicated before (482), 
the organic matter is a highly important factor in the beneficial action 
of the manure. No definite money value is, however, usually given to it 
in discussions of the fertilizing value of farm manures. 

434, Influence of feed on the value of manure.—The animal creates 
nothing of fertilizing value, for it voids only that which it has eaten 
or drunk. Part of the fertilizing constituents is appropriated in the 

formation of flesh or milk, and the rest is voided in the excrements. 
The value of manure therefore depends primarily on the character of 
the food from which it originates. Foods rich in nitrogen, phosphoric 
acid, and potash yield rich manure; those low in these constituents 
make poor manure. In a trial reported by Warington,* cows fed 154 
lbs. of mangels per head daily voided 88 lbs. of urine, containing but 
0.12 per et. nitrogen and 0.60 per ect. potash. Other cows fed 26 lbs. of 
alfalfa hay and given 66 lbs. of water daily voided only 14 lbs. of urine, 
which, however, carried 1.54 per ct. of nitrogen and 1.69 per et. of 

potash, thus containing 13 times as much nitrogen and 3 times as much 
potash per pound as the urine from the cows eating mangels. 

435. Fertility and manurial value of feeds—Having shown that the 
value of manure depends primarily on the feeds eaten, we next consider 

the fertilizing constituents of typical feeding stuffs and animal products, 
shown in the following table, taken from the extensive data in Appendix 
Tables III and VI. For this table the fertility value of each feed per 

ton has been computed on the basis of what the total nitrogen, phos- 
phorie acid and potash in that feed would cost if purchased in commer- 
cial fertilizers. The last column gives the manurial value’ of each feed; 
i.e., the value of the manure which would result from feeding 1 ton of 

the feed to live stock. This has been computed on the assumption that, 
on the average, farm animals return in the manure about 80 per ct. 
of the total fertilizing value of the feed. (483) Obviously this value 
holds only when the manure is so eared for as to prevent the losses 

mentioned later. (442-3) 

*Hart and Tottingham, Gen. Agr. Chem., 1918, p. 124; Van Slyke, Fertilizers 
and Crops, 1912, p. 300. ; 

*Chemistry of the Farm, p. 218. 

"Hart, Wis. Bul. 221. 
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Fertilizing constituents in feeding stuffs and animal products 

Fertilizing constituents in 1000 lbs. 
Fertility Manurial 

Nitrogen Ehosp tone Potash bend meek 

Lbs. Lbs. Lbs. Dollars Dollars 
Concentrates | 

WMenteoml’...¢:.. 20252: 16.2 6.9 | 4.0 6.85 5.48 
(OES) Sa a 19.8 8.1 5.6 8 .42 6.74 
VW aVeTD tie ke SR Re coe 19.8 8.6 5.3 8.43 6.74 
Wiheat bran... oe . +. 25.6 29.5 16.2 13 .49 10.79 
Linseed meal, old pro- 

CESSH Santa ire eee ee 54.2 17.0 WP 7 2273 17 .85 
Cottonseed meal, choice 70.6 26.7 18.1 29 .63 23 .70 

Roughages 
pumothyen ayes 9.9 3.1 13.6 5.20 4.16 
Red clover hay........ 20.5 3.9 16.3 9 .36 7:49 
OstStrawWesncc tok tacts. 5.8 2 15.0 3.78 3.02 
Corn silage, recent anal- 

WiseSa daar he ee nei mee 3.4 1.6 4.4 1.81 1.45 
Animals and animal pro- 

ducts 
INE Cee oes ere eee Dare 115) 6f5) 1.8 9.96 
Fat pig mize se 6.5 1.4 7.10 eae 
Te REE Ge seen aoe act, | 1.9 1 oa DAS maa| 1.94 
IBYCUNC IES cats eee eee TD aga 0.4 0.4 0.51 eae 

The fertility values given in the fourth column mean, for example, 
that the nitrogen, phosphoric acid, and potash removed from the soil 
in a ton of oat straw will cost not less than $3.78 if bought in the 
market in commercial fertilizers. A ton of corn (grain) removes $6.85 

in fertility, and of wheat, $8.43. Because the legumes usually obtain 

much of their nitrogen from the air, only a part of the fertility in a 
ton of clover, worth $9.36, may have been taken from the soil. Clover 

hay is 80 per et. richer than timothy hay and over 2.5 times as rich 

as oat straw in fertility. The fertility value of wheat bran is $13.49 

per ton, while that of the wheat grain is only $8.43. This is because the 
starchy part of the grain, which forms most of the flour, holds but 
little fertility, while the outside portion, the bran, is high in nitrogen, 
phosphoric acid, and potash. 

Of the feeds listed, cottonseed meal has the highest fertility value, 
$29.63 per ton; this explains why it has often been applied directly 
to the soil as a fertilizer. In 1913 the farmers of Connecticut® spread 
on their fields nearly 7,000 tons, or about 300 carloads, of this valuable 
feeding stuff, one of the richest and best for dairy cows and fattening 
eattle. Millions of dollars worth of cottonseed meal are annually 
applied by the planters of the South to the cotton fields to make another 
erop of cotton. Where the meal is first fed to live stock, the milk or 
flesh produced should easily pay its cost, and under good management 
also for a considerable share of the labor of feeding. With proper care 
and application, the manure resulting from each ton of meal fed would 

®Conn. (New Haven) Rpt. 1913. 
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be worth $23.70, the manurial value, as surely as would the application 
to the same land of commercial fertilizers worth this amount. 

436. Selling fertility—The table in the preceding article further 

shows that those who sell such crops as hay, corn, and wheat part with 

far more fertility for a given sum of money than do those who sell 

animals or their products. The farmer who sells 1,000 Ibs. of clover hay, 
worth $5 to $8, parts with about as much fertility as if he had sold 

1,000 lbs. of fat ox or fat pig, worth $60 to $75, or more. Based on 
the selling price, milk carries considerable fertility from the farm, and 
butter practically none. Farm crops may be regarded as raw products. 

while farm animals, milk, wool, butter, ete., represent manufactured 

products. <A large amount of raw material in the form of grass, hay, 

corn, ete., 1s put into animals, and the heavy waste or by-product 

resulting, in the form of manure, when carried back to the fields con- 
serves most of the fertility. The farmer who feeds his crops to live 
stock is a manufacturer as well as a producer, with two possible profits 
instead of one, while his farm loses little of its fertility. The farmer 

who grows and sells grain, hay, and straw is selling a large amount of 

fertility, the need of which will surely be apparent as time goes on and 
his fields give smaller and smaller returns. Such a farmer is slowly 
but surely mining phosphorus and potash from his soil, which ean be 
replaced only by some purchased material. 

Virgin soils as a rule contain great quantities of available fertility, 

and the pioneer farmers in America, drawing upon Nature’s store, have 

given little consideration to how their crops are fed and have not 
realized that they are steadily and often wastefully drawing on the 

store of fertility which represents their principal capital. The western 

farmer, when marketing corn or wheat, or the southern planter, when 

selling seed cotton, considers he is selling labor and rent of land. 
Rarely does he realize that he is also selling fertility, to replace which 

would cost a considerable part of all the crop brings. Rather than to 

reckon the value of his crop at the market price, he should recognize 
that its true value when sold from the farm is really the market price 
minus the value of the fertility which the erop removes from the soil. 

437. Buying fertility.—Even in live-stock farming-where little or no 
erain or roughage is sold and when proper care is taken of the manure, 
not all of the fertility removed in the crops is returned in the manure. 

The supply of nitrogen in the soil can usually be maintained by the 
growth of legumes, but sooner or later it is necessary to replace the 

small but steady loss of phosphoric acid and potash. Therefore in 

purchasing feeding stuffs, one should always consider not only the 

feeding value but also their worth as fertilizers. By purchasing those 

concentrates rich in phosphorie acid and potash, such as wheat bran 

and middlings, linseed meal, cottonseed meal, malt sprouts, ete., many 

live-stock farms are steadily being increased in fertility. 
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438. British practice.—In Great Britain, where many of the farmers 
are long-period tenants, the manurial value of feeding stuffs is recognized 
by law in a manner that tends greatly to the betterment and permanence 

of her agriculture. The Agricultural Holdings Act, which is the law 
governing the relations between landlord and tenant, directs that when 

a tenant is vacating his leasehold he shall be reasonably compensated 
for the improvements he has made. Among these, credit must be given 

for the fertilizing value of feeding stuffs which the tenant may have 
purchased and fed out, and also, under certain conditions, for the 

fertilizing value of grains produced on the farm and fed to stock. In 
order to furnish data to guide the valuers who serve in settlement 
between landlord and tenant, after full and extended study Lawes and 
Gilbert and later Voeleker and Hall of the Rothamsted Experiment 
Station drew up tables showing the compensation to be allowed for the 
fertilizing value of various feeds. The recommendations, as revised in 
1913 and adopted by the Central Association of Agriculture and Tenant 

Right Valuers,’ are that the tenant shall be credited as follows for all 
manure resulting from feeding purchased feeds to stock on the lease- 
hold: 

For all unused manure or that which has been recently applied to 
the land without a crop being grown thereafter, a credit of three-fourths 
of the total value of the phosphoric acid and potash in the feed is 
allowed. Because a greater loss of nitrogen commonly occurs in stored 
manure than in manure dropped in the fields by animals at pasture, a 
eredit of 70 per ct. of the total value of the nitrogen is allowed when 
the stock have been fed at pasture, and of only 50 per ct. when they 

have been fed in barn or yard. 
When one crop has been grown since the application of the manure, 

a part of the fertility thereby being used up, the credit allowed is only 
half that stated above. It is realized that the beneficial effects of farm 
manure persist much longer than 2 years, but owing to the difficulties 
of checking records for a longer period, the compensation is not extended 
over a greater time. The principles of the English law, as here set 
forth, should be drafted into every lease drawn between landlord and 

tenant in this country. 
439. Composition and value of fresh manure.—EHven tho the value of 

manure produced by animals of the same kind depends primarily on 
the nature of the feed supplied, it is important to note the approximate 
composition of manure from the different classes of farm animals. The 
following table, adapted from Van Slyke,* shows the percentage of 

water and the amount and value of the fertilizing constituents per ton 
in fresh manure, including both feces and urine, from the different 

farm animals. 

7Jour. Roy. Agr. Soc., England, 74, 1913, pp. 104-119. 

8Wertilizers and Crops, p. 291. 
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Composition of one ton of average manure from farm animals 

Phosphoric 
Water Nitrogen acid Potash Value 
Per ct. 8 Lbs. Lbs. Dols. 

Horse manure.......... 78 14 5 lal 34 dea) 
Gowsmanurestsue te 86 12 3: 9 Dee: 
Sheep manure.......... 68 19 a 20 4.74 
IPigeIMANULe seers as 87 10 7 8 2.52 

Horse and sheep manures contain less water than that of cows or 
pigs, and are known as ‘‘hot manures’’ because their low water content 
permits rapid fermentation when stored. On the other hand the void- 
ings of the cow and pig form ‘‘ecold manures,’’ the high water content 
checking fermentation. Sheep manure has the highest value per ton, 
based on fertilizing constituents; cow manure the lowest. Mixed farm 

manures carry about 10 lbs. of nitrogen, 5 lbs. of phosphoric acid, and 
10 lbs..of potash per ton. 

440. Amount of manure voided.—Various methods have been suggested 
for computing the amount of fresh manure—feces and urine— produced 
by farm animals. Heiden® found that on the average 100 lbs. of dry 
matter fed to farm animals produced the amount of fresh manure shown 

in the first column of the following table. The second column gives the 
weight of manure plus bedding, computed from data compiled by Van 

Slyke.?° 

Manure from 100 lbs. dry matter fed to farm animals 

Manure Manure plus bedding 
Lbs. Lbs. 

TOTS eee ieee ee en nD eM cs 210 280 
COW. tiie ee, en ada Pine 384 427 
SHEED sate case ace atthe ia ene 183 285 

Owing to the high water content of cow manure, a larger amount is 
produced from 100 Ibs. of dry matter in the feed than in the case of 
the horse or sheep. 

The amount of manure voided daily by farm animals varies widely, 
depending on the nature and amount of feed given and the age, activity, 
ete. of the animals. The following table, adapted from Van Slyke," is 
a helpful approximation of the amount of manure voided daily by farm 

animals, per 1,000 lbs. live weight. 

Daily production of manure by farm animals per 1,000 lbs. live weight 

Feces Urine Total manure Manure plus bedding 
Lbs Lbs. Lbs. Lbs. 

VOTSC is). e Ape tcc 39 10 49 65 
Cowen ay ee ee 52 22 74 82 
SNEED aie sents 23 il 34 53 
Pe 2p a Release CE 50 33 83 99 

*Storer, Agriculture, 1899, II, p. 289. uFRertilizers and Crops, pp. 294, 303. 

Fertilizers and Crops, p. 303. 
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Based on live weight, the pig yields more manure than other farm 

animals, due to the heavy feed consumption per 1,000 Ibs. live weight 
and the watery nature of the manure. 

441, Fertilizing constituents produced yearly.—According to Van 

Slyke," the approximate amount of nitrogen, phosphorie acid, and 
potash voided annually by farm animals per 1,000 lbs. live weight is 
as follows: 

Annual yield of fertilizing constituents per 1,000 lbs. live weight 
Nitrogen Phosphoric acid Potash Value 

Lbs. Lbs. Lbs. Dollars 

RL OFSC 29224. te 128 43 103 30.12 
COW eis: chs ees 156 38 127 36.14 
SHEE. hes ao ek 119 44 126 29 .70 
12. (EAM per te er 150 104 128 38 .08 

The last column shows the total value of the fertilizing constituents, 
computed at the prices previously given. (482) 

442, Losses in farm manures.*—From the foregoing it is evident that 

farm manure is one of the most valuable products of the farm. Yet 
many farmers who freely purchase commercial fertilizers allow much 
of the value of the manure produced by their live stock to be washed away 

in streams or otherwise dissipated. It is most important to realize that 
manure is a perishable product, and that unless proper care is taken 

over half its value may be lost. Plant food may be wasted thru: (1) 
Loss of urine, (2) loss by leaching, (3) loss of nitrogen by fermentation. 

The importance of bedding to absorb the urine is shown in the follow- 
ing table from Van Slyke :3% 

Proportion of fertilizing constituents in urine and feces of farm animals 
Nitrogen in Phosphoric acid in Potash in 

Urine Feces Urine Feces Urine Feces 
Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

HOTSe S300 38 62 0 100 44 56 
Cows 22255 . 51 49 0 100 85 15 
Sleepe sce. 48 52 5 95 WO) < 30 
Oe ue hc 33 67 12 88 43 57 

Average... 43 57 4 96 60 40 

With the cow and sheep about half the nitrogen is voided in the 
urine; with the horse and pig somewhat less. Most of the phosphoric 
acid is excreted in the feces. The cow voids about 85 per ct. and the 
sheep 70 per ct. of the’ potash in the urine; the horse and pig over 40 
per ect. For all farm animals, 43 per ct. of the nitrogen and 60 per ct. 
of the potash passes in the urine. Pound for pound the urine has a 
ereater fertilizing value than the feces, except with the pig. The fer- 
tility in urine is also in solution and hence much more readily available 
to plants than that in the feces. 

“Hertilizers and Crops, p. 295. Hertilizers and Crops, p. 295. 

*This discussion of the losses in manure and the care of this valuable farm product is 
necessarily very brief. For more complete information consult the standard works on 
Soils and Agricultural Chemistry. 
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A manure pile under the eaves, against the side of the barn, or manure 
lying for months in an open barn yard is a sight all too common on 

American farms. When manure is exposed to the leaching action of 
the rains, the losses are great, even amounting to half of the total 

value in periods of 2 to 5 months. Obviously, the loss falls on the 

constituents which are most soluble and therefore most quickly available 

to plants. 
Thru fermentation a large share of the nitrogen in the manure may 

be dissipated into the air as ammonia or gaseous nitrogen. The strong 
smell which every farmer has noticed in close horse stables is due to 

the escaping ammonia produced by the breaking down of nitrogen com- 
pounds in the urine. In the hot fermentations which take place in dry, 
loosely packed manure, the temperature may rise high enough to cause 
‘‘fire fanging,’’ when as much as 80 per ct. of the nitrogen may be lost. 

Phosphoric acid and potash are not lost thru fermentation but heavy 

losses of these constituents may occur thru leaching. 
443. Care of manure.—To prevent loss in manure, the urine should 

be saved by having tight gutters and using plenty of bedding. If 

possible, the manure should be drawn directly to the fields and spread 

each day. When this can not be done it should be stored, preferably 
under cover, in well-packed piles kept moist to prevent hot fermentation. 
If hogs or cattle have access to the shed, they aid in firming the pile. 
In Europe manure is often stored in pits or cisterns. When it is 

necessary to leave manure out of doors, the pile should be made high 

and compact so that rains will not soak thru and should be built with 

the sides perpendicular and the top sloping toward the center. It is im- 

possible to prevent all waste in caring for manure, but under proper 

management not over 10 to 20 per et. of the nitrogen and practically 

none of the phosphoric acid and potash will be lost. 



Part III 

FEEDING FARM ANIMALS 

CHAPTER XVIII 

FACTORS INFLUENCING THE WORK OF THE HORSE 

The magnitude of the horse industry in the United States is apparent 
when we learn that there were in this country, according to the census of 

1910, 23,015,902 horses valued at $2,505,792,588. These, with 4,480,140 

mules and 122,200 asses and burros, make a grand total of 27,618,242 
animals of the horse family, worth over $3,000,000,000. Despite the 

coming of the automobile and the auto-truck, for the decade ending 1910 
the number of horses, mules, and asses in the country increased 11.6 per 

cent. The total value of these animals exceeds that of all the beef cattle, 

dairy cattle, sheep, goats, and swine combined. 
To feed these work animals requires an annual expenditure of nearly 

$2.000,000,000. In spite of the enormous feed bill, less attention is given 

to the scientific and economical feeding of this class of live stock than to 
any other farm animals. Many a farmer, for instance, will carefully 

determine which of the feeds available for his dairy herd will furnish a 

well-balanced ration most cheaply. Yet he may forget that similar prin- 

ciples apply to the feeding of his work animals. An average of about 4 
horses or mules are kept on each farm in the United States. When we 

learn in Chapter XIX how it is often possible thru the economical 
and proper selection of feeds and their rational administration to save 

10 to 40 per ect. of the usual feed bill, with no injury, and in some cases 
even a benefit to the animals, it is evident that a careful consideration of 

the principles governing the feeding of horses will pay every owner in 
dollars and cents. Furthermore, it is just as essential to care for work 
animals so as to ensure their maximum efficiency as it is to lubricate 

earefully the vehicles and machinery they draw. 
Before studying in detail the feeds for the horse and the methods of 

feeding and eare, it is necessary to consider briefly the principles deter- 
mining the value of the different classes of feeds for the production of 
work and the various factors which influence the amount of labor the 
animal can perform. 

Most of the discussions which follow treat of the horse particularly, 
since over 83 per ct. of our work animals are horses, and nearly all of 

the scientific trials have been conducted with them. The same feeds may 

281 
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be used for mules, however, and the same principles of feeding and care 
apply to these animals. (Special hints on the feed and care of the mule 
are given in Art. 532.) 

I. Tur RELATION OF FEED TO THE WorRK OF THE HoRSE 

The most complete investigations with the horse bearing on the re- 
lation of feed to work, are those of Wolff, Grandeau and Leclere, and the 
more recent studies of Zuntz and his associates. Wolff’s experiments 
were with a sweep-power constructed so that the amount of work per- 

formed could be measured. Zuntz, in conjunction with Lehmann and 
Hagemann, conducted hundreds of tests with horses working on a tread- 
power so built that the distance traveled and the work performed were 

accurately measured. The animals breathed thru a tube inserted in 

the windpipe, by which means the oxygen inhaled and the carbon dioxid 
exhaled were accurately determined. (141) To such gaseous intake and 
outgo was added that which passed thru the skin and vent, as determined 
by placing the animal in a Pettenkofer respiration apparatus. (71) 

444, Work.—In discussing the production of work it is necessary to use 
the standard terms employed in its measurement, the foot-pound, the foot- 
ton, and the horse power. The foot-pownd and foot-ton are terms which 
denote the work done in lifting a weight of 1 lb. or 1 ton, respectively, 

1 ft. against the force of gravity. When the rate at which the work is 
done is taken into consideration the unit used is the horse power, which is 
the power required to lift a weight of 1 lb. at the rate of 33,000 feet per 
minute. If by means of rope and pulleys a horse raises a bucket of water 

weighing 100 lbs. from a well 330 ft. deep in 1 minute, it exerts a force 
equal tol H.P. The pull, or draft, exerted by the horse may be measured 

by a dynamometer, a crude form of which is a spring balance placed 
between the singletree or evener and the vehicle or object on which the 
pull is exerted. According to King,’ the maximum pulling power of a 

horse when walking on a good road is about one-half its weight, but for 
steady and continuous work for 10 hours per day and at the rate of 2.5 
miles per hour the pull should not be more than one-eighth or one-tenth 

the weight of the animal. The daily work performed by horses of differ- 

ent weights would accordingly be as follows: 

Daily work performed by horses of different weights 
Horse-power produced Foot-tons of work done 

S00¢lb: Norse. sse ea tee eee 0 .583—O .67 5,247— 6,633 

1OOObshorsene ates ee eee ee 0 .67—0 .838 6,633— 8,217 

12002 DAHOTSCH AL Aten cee eee. Cae: 0 .80—1 .00 7,920— 9,900 

T4002 bwhorsemeecck se ie eee cna 0.93—1 .17 9,207—11,583 

T6002 bwhorseae ces eee eee 1 .06—1 .33 10,494—13, 167 

The draft required to haul a 4-wheel wagon on various types of road is 

approximately as follows, according to King :* 

Physics of Agr., p. 490. ? Physics of Agr., p. 436. 
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Draft required to haul a wagon on various types of road 

Character of road Lbs. draft per ton 

RMON ONYCREG I Ae pet oh ues tn, crite cy ORIN RE on Pa ee mee 75 to 224 
NEED VC lore cne nce A Ca Ne RS Us PERT dS ON oaths aT 75 to 140 
MigeCa Camere 018 hits allio adeeb et een mer ad Inoue Ren. 55 to 67 
NVGOGEDIOC Kei a hccke ey an ero ean ns OM aN hr ee arene 28 to 44 
laminar me Teme a ee Nee nee POEs NTS Met Stay 25to 44 

This shows that it requires a draft, or pull, of 75 to 224 lbs., as measured 
on a spring balance placed between horse and load, to draw a load of a 
ton, including wagon, on a country earth road, while on a plank road the 
draft is but 25 to 44 lbs. 

The ox draws a load equal to the horse, but ordinarily at only two-thirds 

the speed. A man’s work is usually from one-sixth to one-tenth of a horse 
power, or about one-fifth that of an average horse. For a minute or two 
he can exert a full horse power or even more. 

445. Digestion trials—Since there have been relatively few digestion 
trials with the horse, we are usually obliged to use for this animal the 

coefficients of digestibility obtained with the ox or sheep. (66) While the 
horse digests the easily digestible feeds about as completely as do the 
ruminants, it falls below them in ability to digest the more difficultly di- 
gestible ones, as is shown in the following table from Wolff :* 

Digestion coefficients of common feeds for the horse and sheep compared 

Carbohydrates 
Dry Crude SF Be eG 

matter protein Fiber N-free Fat 
extract 

Corn Per ct. | Per ct. Per ct. Per ct. Per ct. 

EVor serve Sat ATMA | 89 Ga eo) 94 61 
ECD oheteict- leis «fey sity: | 89 | 79 eetO2 A 91 85 

Oats | 
ROTC OTA pets Sarels eee eee 67 | 79 DOR] 74 70 
rod GLE) 0) Mae ER 71 | 80 Wm et0) 76 83 

Alfalfa hay (excellent quality) | | 
IELOTSCH eR ee eee 58 | 73 AQ) | 70 14 
SHEER Nias tae see | 59 | 71 AB; 3) 66 41 

Clover hay | | | 
SIGS OS LOS Benen eae | 51 56 Slee 64 29 

COD Nees oes tees cuts] 56 | 56 easy Ons 61 | 56 
Meadow hay (good quality) | | | 

LOTSGwissm sete teties er 2c). 51 62 | 42 | 57 20 
SIV) Ce ii RO ie cee 64 65 | 63 65 54 

Wheat straw | | 
IL OT Seu aa Mrdsct l atl 23 19 | 27 18 Es 
SHED aaysvetis sey oes < 48 by: 59 37 44 

It is shown that the horse digests corn, which is low in fiber, as well as 
does the sheep. On the other hand, it digests oats and meadow hay, which 

3Land. Vers. Stat., 20, 1877; 21, 1878; Landw. Jahrb., 8, Sup. I, 1879; 10, 
1881; 12, 1884. 
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contain considerable fiber, less completely. Of wheat straw the horse 
digests only 23 per ct., while the sheep digests 48 per ct. Both animals 

digest crude protein about equally well, but the digestive powers of the 
horse are markedly lower for fiber and fat. (85) 

446. Influence of work on digestibility.—The effect of working a horse 

immediately after eating has been studied by Grandeau and LeClere,* 

Tangl,° Colin,® Scheunert’ and others. Their investigations show that 
moderate exercise, even immediately after the horse has eaten, tends to 

increase digestion in both the stomach and the small intestine, and also 
increases the rate of absorption of digested nutrients. Tho the rate of 

protein digestion is retarded for the first hour after eating, when the 

horse is exercised immediately after the meal, by the end of the second 
or third hour even more protein will have been digested than had the 
horse remained at rest. Contrary to some statements, exercise does not 

hasten the passage of food from the stomach into the small intestine, 
but apparently retards it. Severe labor may, however, depress digestion. 

Grandeau and LeClere found that hard work at a trot lowered the di- 
gestibility of the protein 7 per ct. and of the fiber 13 per ct., compared 
with the amounts digested when the horse was allowed to rest after eat- 

ing. The greater depression observed in the case of the crude fiber is 
doubtless due to the fact that this nutrient is digested mainly in the 
caecum and large intestine and is hurried thru these organs by the mo- 

tion of the horse in action. 
447, True value of feeds for work.—As previously shown (78-80), the 

true value of different feeds for work is not based merely on the amount 
of digestible nutrients they contain, for a varying percentage of the 

available energy in the digestible portion of the feed is used up in the 
work of mastication and digestion and thereby lost so far as useful me- 

chanical work is concerned. By subtracting the energy thus used from 

the available energy which the digestible nutrients of any feed furnish, 

we will find the amount of net nutrients which may be used in the per- 
formance of such external work as propelling the body, carrying a burden, 
or pulling a load. We should remember, however, that the energy 

which is used up in mastication and digestion is all changed into heat, 
and so may aid in keeping the body warm. 

Zuntz found’ that the 1100-Ib. horse, when drawing a load on a level 

road, will produce about 864.4 ft.-tons of work for each pound of net nu- 
trients consumed in addition to the food required for maintenance. The 

following table shows the amount of work which various feeding stuffs 

will yield according to Zuntz, when fed to the horse which is already re- 

ceiving enough food for maintenance at rest. 

4Ann. Sci. Agron., 1884, Vol. II, p. 235. 

° Pfliiger’s Arch. Physiol., 63, 1896, p. 545. 

®Traite Physiol. Comp. Anim., 1886, p. 822. 

7 Pfliiger’s Arch. Physiol., 109, 1905, p. 145-198. 

®Landw. Jahrb., 27, 1898, Sup. III, p. 431. 
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Possible work from 1 1b. of various feeds when fed to the horse 

Total Nutrients Net Possible 
Teeding stuff ate Crpde digestible required for nutrients work from 

u nutrients mastication | remaining | 1 lb. of feed 
and digestion 

| Per cent Per cent Lbs. Lbs. Lbs. Ft.-tons 
(Chases eee 87 il se 0.785 0.082 0.703 607 .7 
Horse bean..... 86 6.9 0.720 0.111 0.609 526 .4 
Reagheres se o. 86 5.9 0.687 0.102 0.586 506.5 
Linseed cake... . 88 9.4 0.690 0.125 0.565 488 .4 
NOVO Props se aces ecch 87 10.3 0.615 0.124 0.491 424 4 
Alfalfa hay..... 84 26 .6 0.453 0.219 0.234 202 .3 
Potatoes....... 25 1.0 0.226 0.027 0.199 172.0 
Meadow hay.... 85 26 .0 0.391 0.209 0.182 157.3 
Clover hay..... 84 30 .2 0.407 0.239 0.168 145 .2 
@amats. 20%) 27 15 1.6 0.113 0.021 0.092 79.5 
Wheat straw... 86 42.0 0.181 0.297 —0.116 —100.3 

The table shows that after supplying the horse with sufficient feed for 
maintenance, each additional pound of corn supplied, up to the capacity 
of the animal, will furnish energy sufficient to produce 607.7 ft.-tons of 
external work, or enough to raise a weight of one ton 607.7 ft. against 
the pull of gravity. Because of its high per cent of digestible nutrients 

and its low content of fiber, Indian corn is the most potential of all the 
given feeds for the production of work. 

Feeds containing much fiber, such as hay and straw, furnish corre- 
spondingly less net food for the production of external work. The table 
shows that the work of masticating and digesting wheat straw requires 
more energy than the straw supplies. Hence the table shows a negative 
value of —100.3 ft.-tons for 1 lb. of wheat straw. As has been stated 
before (80), the energy used up in mastication and digestion all takes the 
form of heat. Therefore, unless the total work of digesting a ration con- 
taining straw produces more heat than is needed to warm the body, the 
straw will have a positive value for the production of the heat so required, 
and this value will depend upon the total amount of digestible nutrients 
it furnishes. On the other hand, if more energy is spent in masticating 
and digesting the ration than is needed to furnish heat to maintain the 
body temperature, then the energy of the straw will be wasted. This 

helps to explain why a larger amount of straw may be advantageously fed 
to idle horses than to those at work. As is shown later (457), even in the 
ease of the horse at hard labor a certain volume or bulk is necessary in the 
ration. To furnish this necessary bulk a small amount of straw is some- 

times used in place of other roughage, especially in Europe. 
448. Maintenance requirement of the horse.—It is more difficult to de- 

termine the minimum amount of nutrients needed to maintain the weight 
of a horse than of the ox or sheep. This is due to the fact that any excess 
of nutrients supplied the idle horse above maintenance will not usually be 
wholly stored as flesh or fat, for confined horses, even those of quiet 

temperament, dissipate more or less energy thru restlessness and moving 
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about, so that a ration which barely maintains them is really somewhat 
in excess of the theoretical requirement. 

One method of determining the maintenance requirement is to feed 
a horse at rest a ration insufficient to maintain his weight, and then after 
a time gradually inerease the supply of nutrients until the weight is 
barely maintained. Using this method Grandeau and LeClere® were able 

_ to maintain the weight of each of 3 horses getting walking exercise for 
half an hour daily on a ration of 17.6 lbs. meadow hay, which supplied 

6.1 Ibs. of digestible nutrients, or 7 lbs. per 1000 Ibs. live weight. 
A more exact method is to give a horse gradually increasing amounts of 

a given feed, during successive periods, and determine in each period the 

maximum amount of work the animal can perform on the allowance and 
still maintain his weight. It is then possible to compute, by difference, the 
nutrients required for the performance of a given amount of work. By 
subtracting the nutrients expended in the work done during any period 

from the total nutrients supplied in that period, the actual maintenance 
requirement is found. 
By the latter method Zuntz and his colleagues’? found that to maintain 

the weight of the 1100-lb. horse and keep up the body temperature re- 

quired 7.06 lbs. of digestible nutrients," or 12.7 therms. It was found that 
the larger part of the nutrients, nearly 66 per ct., were required merely 
as fuel to maintain the temperature of the body. Indeed, it was necessary 

to supply only 2.43 lbs. of net nutrients (or 4.4 therms of net energy) to 

cover the amount used up in the internal work of the body and in repair- 
ing the body tissues. 

This conclusion accords with the general experience, that idle horses 
can be maintained chiefly on such feeds as hay, corn stover, and straw, 
which furnish relatively little net energy but produce a large amount of 

heat in the body as the result of mastication and digestion. If the rough- 
ages are of sufficiently good quality the animals may be maintained on. 

such feeds alone. As roughages are usually far cheaper sources of total 
available energy than the concentrates, maintaining idle horses on such 

feeds is obviously economical. 
449, Protein required for maintenance.—In addition to supplying suffi- 

cient fuel to maintain the body temperature and enough net nutrients 
for the internal work of the body, as has been previously pointed out 
(94), the nutrients in the ration must include a certain amount of di- 
gestible protein to make good the small daily waste of nitrogenous 
tissues. In experiments by Grandeau and LeClerc,** 3 horses main- 

tained their weight for 4 or 5 months on a ration of meadow hay fur- 
nishing an average of 0.54 lb. of digestible protein daily per 1000 lbs. 
live weight, the hay of course containing some amids beside the true pro- 

° Warington, London Live Stock Jour., 1894, p. 9. 

1 Tand. Jahrb., 27, 1898, Sup. III, pp. 422-426. 

“ Including fat x 2.4, the factor used by Zuntz as the relative fuel value for fat, 

compared with carbohydrates. 

2 Warington, London Live Stock Jour., 1884, p. 9. 
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tein. One of the horses gained 5 Ibs. in 2 months on a daily allowance of 
only 0.45 lb. of digestible protein per 1000 lbs. live weight. In another 

ease an allowance of 0.37 lb. of digestible protein daily per 1000 lbs. of 
live weight proved insufficient to maintain the nitrogen equilibrium. Evi- 
dently the minimum protein requirement for the horse ranges from 0.4 
to 0.6 lb. per 1000 Ibs. live weight, which is the same as that of the rest- 
ing ox as determined by Armsby. 

Most authorities maintain, and practical experience shows, that the 

health of animals is improved when they are fed more than the theo- 
retical minimum of protein. In view of this, the Armsby standard re- 
commends 1 lb. of digestible protein for the maintenance of the 1000-Ib. 
horse at rest. (172) 

450. Nutrients required for work.—We have considered the nutrients 
required to maintain the horse at rest and studied the value of typical 
feeding stuffs for producing external work. Let us next determine the 
amount of net nutrients which must be fed in addition to the maintenance 
requirement when the horse is to perform various kinds of work. 
The work which the horse performs usually consists of a more or less 

complex combination of the following simple types: 
(1) Locomotion, or merely traveling along a level course with no load. 

(2) Raising the body, with or without a load, against the force of 
gravity in ascending a grade. 

(8) Carrying a load. 
(4) Draft, or hauling a load. 

In the ease of a horse drawing a load up a hill, we find all of these types 

combined. The horse is (1) advancing, and at the same time (2) raising 

his body. He is also (3) carrying the harness and (4) hauling the load. 
When he descends the hill he will even perform a fifth type of labor in 

bracing himself so as not to be forced down the hill too rapidly. 
Zuntz found that to perform these different types of work, the 1100- 

lb. horse carrying a 44-lb. harness required the net nutrients shown 
below, after he had already been supplhed with enough feed for main- 

tenance at rest: 

Net nutrients required by horse for various kinds of work 

Net nutrients 
required 

s. 

Traveling without load, 1 mile on the level 
At a walking speed of 2.5 miles per hour..................... 0.134 
At a walking speed of 3.5 miles per hour................ Beer ah 0.169 
At a trotting speed of 6.6 to 7.6 miles per hour............... 0.254 

Traveling 1 mile on the level when carrying a load of 220 lbs. at 
Walkingspeediof.3 4 miles per hour: ..... 226.626 ome: tee oe 0.210 
Trotwimeispeed: ofjo.-9) miles per hour)... 2. J... cscs eee 0.323 

Raising his body 100 feet 
Invehmbincunclinevol 1On/ percent... 2.2. -)/ $e ts oe oe 0.060 

Lowering body 100 ft. on a road with a 5 per cent dip, compared with 
INGUCLENGLOM EREMLEVELs SAVES a). hts 2) athe atte ge pole AOR ieee 0.025 

Draft on level per 1000 ft.-tons, not including locomotion of body... . . TL Sy 

3 Landw. Jahrb., 27, Sup. III. 
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Could all the work done by a horse each day be accurately determined, 

it would be possible to resolve it into these different types, so that the 
nutrients required for its production might be calculated and a suitable 

ration computed. However, the table is of theoretical rather than prac- 
tical interest, for the work of most horses varies greatly from day to day ; 

moreover the usual work is complex and difficult to resolve into these 
simple types. Still, these figures are important in showing the influence 

of various factors on the energy expended by the horse in the work he 
performs. 

451. Influence of speed.—It will be noted in the table that 26 per ct. 
more net nutrients are required when the horse walks a mile at a speed 
of 3.5 miles per hour than 2.5 miles. When his gait is hastened to a trot, 
nearly twice as much food is required per mile of travel as at the slower 
walk. Among the reasons why rapid labor generally consumes more 
power than slow motion, even when the distance traveled and the actual 

work done are the same, are the following: When a horse is walking at a 

rapid speed the work of the heart is greatly increased. In trotting or 
galloping the rise and fall of the body is much greater than in walking, 

and therefore a smaller part of the energy expended is available for on- 

ward movement. The temperature also rises, and much heat is lost by the 

evaporation of water thru the skin and lungs. The proportion of food 
producing heat is thus increased, while that appearing as work is dimin- 

ished. 
Fourier!* found that the horse was at its best for drawing loads when 

moving at a rate of 2 to 2.5 miles per hour. When held down to a slower 
speed, and likewise as the rate of speed was increased beyond this figure, 
his efficiency decreased. At length, when a speed of 11.25 miles per hour 

was reached, less than one-tenth the maximum amount of work was ac- 

complished. Grandeau* states that a horse walking 12.5 miles per day 
was kept in condition on a daily allowance of 19.4 lbs. of hay, while a ra- 

tion of 24 lbs. was insufficient when the same distance was covered at a 
trot. A horse hauling a load 12.5 miles daily, the draft performed being 
equivalent to 1943 ft.-tons, was sufficiently nourished by a ration of 24.6 
Ibs. of hay, while one of 36.2 lbs.—all the horse would eat—was not enough 
to maintain its weight when the same amount of work was done at a trot. 

Where it is necessary to develop maximum power continuously at con- 

siderable speed, the number of horses required for a specific work must 

always be greatly increased. Thus when horses were used on mail- 

coaches, even on the admirable highways of Great Britian, the proprietors 

maintained 1 horse per mile of route for each coach, each horse traveling 

only 8 miles and working an hour or less per day on the average, 4 horses 

drawing the loaded coach which weighed 2 tons. Draft horses moving 2.5 

miles an hour are expected to do 7 times the work of coach horses moving 

10 miles per hour. 

“Thurston, The Animal as a Machine and a Prime Motor, p. 52. 

1% Warington, London Live Stock Jour., 1894, p. 49. 
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With running horses, the requirement of speed reduces the work per- 
formed (carrying the rider) to the smallest amount possible. Low 
writes :'° ‘‘When it is considered that an ounce of additional loading to 

the same horse may make the difference of a yard or more in half a mile 

of running, it will be seen how greatly the weight borne may affect the 
issue in the case of horses of equal powers.’’ (145) 

452. Locomotion and carrying a load—The preceding table shows what 
experience teaches—that the horse requires more nutrients to travel a 

mile when carrying a load than when merely moving his own body. We 
see that while only 0.169 Ib. net nutrients are required in walking a mile 
at a speed of 3.5 miles per hour with no load, 0.210 lb. of nutrients, or 
over 24 per ct. more, are needed when a load of 220 lbs. is carried at about 
the same pace. When the same load was carried at a trot with a speed of 
6.9 miles per hour the amount of nutrients required was increased by over 
53 per ct. 

Since in locomotion the body of the horse is alternately raised and 
lowered, it is difficult to measure the actual amount of mechanical work 

performed in order to compare it with the energy expended. Compu- 

tations by Zuntz indicate that about 35 per et. of the total energy ex- 
pended by the horse moving on the level is actually transformed into the 

external work of advancing his body, the remainder of the energy pro- 
ducing no external work, but taking the form of heat. 

453. Influence of grade.—The table further brings out the striking fact 

that for every 100 ft. the horse raises his body in ascending an incline of 
10.7 per ct. (a rise of 10.7 ft. in 100 ft.), he requires 0.06 lb. of net nutri- 
ents in addition to the amount required on a level course. In other 
words, in raising his body 200 ft. in going up a grade he would use up 

almost as much feed as in traveling a mile horizontally. At the incline 

of 10.7 per et. the horse was about as efficient in converting feed into 
muscular work as when traveling on a level course, about 34 per ct. of 
the total energy expended being transformed into the actual work of 

both propelling his body and raising it against the force of gravity. In 
climbing a hill the horse does much more work in traveling a mile than 
when going on a level course, for besides propelling his body, he must 
raise it against the foree of gravity. Including both the work of ascent 

and the work of locomotion, Zuntz found that in ascending the grade of 

10.7 per ct. at a speed of 3.1 miles per hour the horse expended more than 
3 times as much energy as in walking the same distance on the level at but 

a slightly faster pace. In the latter case he was merely propelling his 
body and not raising it against the force of gravity. At the steeper 
erade of 18.1 ft. in 100, nearly 5 times as much energy was expended as 

when moving on a horizontal course. 
In going down a gentle incline, owing to the pull of gravity, less energy 

was expended than in moving on a level road, resulting in a saving of 
nutrients, such saving being greatest when the down grade was about 6 ft. 

1% The Breeds of the Domestic Animals of the British Isles. 



290 FEEDS AND FEEDING 

in 100. If the grade was steeper, the horse expended energy in bracing 

himself to check too rapid progress. When the downward grade reached 
10 ft. in 100, as much energy was expended as when traveling on a level, 

and on a still steeper down grade the amount of energy expended was 
greater than that expended on the level. 

The saving of feed by the proper use of wagon brakes in a hilly country 

is evident when we consider the energy the horse spends in descending a 

steep ill. Here he must not only brace himself to hold back his own 
body, but must also struggle to hold in check the heavy weight of the 
wagon. 

454. Draft.—The preceding table (450) shows that after deducting 
the energy necessary for merely moving the body on a level course, 1.157 

Ibs. of net nutrients were required by the horse for each 1000 ft.-tons of 
draft on a level course. The horse is slightly less efficient as a machine 

in performing draft than in moving his body along a level course or in 

raising it against the force of gravity, for only 31 per et. of the total 
energy expended was actually turned into draft. In drawing a load up 

a grade of only 8.5 ft. in 100, but 23 per et. of the. energy expended was 
actually turned into work. This was due to the fact that when perform- 
ing draft up that grade more work was done per minute, and this led to 
an increase in the rapidity of breathing and the over-exertion of certain 
groups of muscles, with the result that more energy was wasted as heat 

and less was utilized in moving the load. 
455. The nutritive ratio for work animals——We have seen before that 

under normal conditions the non-nitrogenous nutrients—carbohydrates 

and fats—furnish the energy necessary for the production of muscular 
work, and that no more protein tissue is usually broken down during 

work than during rest. (140) Hence, as Kellner*’ points out, there is a 
great similarity between the nutrient requirements of mature working 
and mature fattening animals. After growth is completed and the pro- 
tein tissues and organs of the body have reached full size, both working 
and fattening animals need only so much erude protein in their food in 

excess of maintenance requirements as is necessary to insure complete 
digestion of the ration. The remainder of the nutrient requirements, 
whether for producing fat with the ox or performing work with the horse, 
may be met thru a sufficient supply of carbohydrates and fat. (1438) 

Accordingly it is not necessary and is, furthermore, often not economi- 

cal to furnish as much digestible protein in the ration as stated in the 
Wolff-Lehmann standard, which places the nutritive ratio at 1:7.0 in 
the case of light work, 1:6.2 for medium work, and 1:6.0 in heavy work. 

Grandeau and Alekan!* found that when horses working at a trot 

were fed rations of corn, sugar, and oat straw, furnishing but little crude 
protein and having extremely wide ratios, varying from 1:21 to 1:28, the 

ration still contained sufficient digestible erude protein to keep them in 

excellent condition. Kellner!® found that horses were able to perform 

“ Brnihr. landw. Nutztiere, 1907, p. 443. ”Landw. Jahrb., 9, p. 665. 

#% Ann. Sci. Agron., 1901, II, p. 38. 
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hard labor without deterioration on a ration having a nutritive ratio of 
1:9. Grandeau fed 3 horses during a whole year, sometimes on a ration 

of horse beans and straw having a nutritive ratio of 1:3, and again on one 
of Indian corn and straw having a ratio of 1:10. While on these rations 

the horses were either resting in the stall, exercising at a walk or trot, 
working on a sweep at a walk or trot, or finally working before the car- 

riage. The effect of the rations was about the same in all cases, and any 
difference was in favor of the corn-and-straw ration having the wider 
ratio. These and other experiments, as well as practical experience, show 
that the nutritive ratio for work horses may vary widely without injury 
so long as the minimum requirement of crude protein is satisfied. 
We should remember, however, that when more than 8 to 10 parts of 

digestible non-nitrogenous nutrients (carbohydrates + fat X 2.25) are 
supphed to one part of digestible protein, the digestibility of the ration 
is decreased. (84) Most authorities agree also that a supply of protein 
in excess of the actual minimum requirement has a beneficial stimulating 
influence on the animal. It would, therefore, not seem advisable to feed 
to horses a ration having a wider nutritive ratio than 1:8 to 1:10, except 
possibly under unusual conditions when protein-rich roughages or con- 

centrates were not at hand, or were unusually high in price. 

MecCampbell*® of the Kansas Station studied this question in his ex- 
periments at Fort Riley, the most extensive yet carried on with horses in 

the United States. From trials in which prairie hay and corn were fed 
with and without a nitrogenous supplement, he concludes that a ration 
having a wider nutritive ratio than 1:8 is inadvisable. It is not necessary 
to employ protein-rich concentrates to secure this nutritive ratio when 
legume hay forms the larger part of the roughage allowance. 

456. Ration for the work horse—We have seen how it is possible to 
analyze the work a horse does, and determine the amount of net nutrients 
he requires for each type. In practice, however, in only a few instances 

is it possible to determine the nutrients in this manner, because of the © 
complex and varying nature of the work. We must, therefore, use some 
simpler method in computing a ration for the horse. As shown in the pre- 
ceding article, the Wolff-Lehmann standard advises more protein than is 
necessary, and is hence often uneconomical. Kellner”! has embodied the 
findings of Zuntz in his standards, shown in the following table, which 
states the amounts of digestible protein and net energy required by the 
horse at light, medium, and heavy work per 1000 lbs. live weight. Altho 
such a classification of work performed is somewhat vague, it is still 
helpful in practice. Murray” states that for the 1000-lb. horse, ight work 
means the performance of from 250 to 500 ft.-tons of work per hour, or- 
dinary work 500 to 750 ft.-tons, and heavy work 750 to 1000 ft.-tons. For 

the convenience of American readers, the requirements of net energy, as 
set forth by Kellner, have been converted into therms. 

20 Kan. Bul. 186. 

21Hirnaihr. landw. Nutztiere, 1907, p. 453. 

2 Murray, Chem. of Cattle Feeding, 1914, p. 153. 
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Requirements of horses at light, medium, and heavy work 
Required per 1000 lbs. live weight 

Digestible protein Net energy 
Lbs. Therms 

Horse atliehtiworknspeas 34 aos sete 1.0 9.8 
Horse atimedilime work = es.) 1.4 12.4 
Horse at nesivive WOrk=n, amr is eee 2.0 16.0 

It will be noted that the horse at heavy work is given twice as much 
protein as when at ight work, while the net energy supply is increased by 
only about 63 per ct. This is due to the fact that the horse at severe labor 
is benefited by a fairly liberal supply of protein. The requirements of 
the work horse as determined by Zuntz and McCampbell have been stated 
by the authors in terms of dry matter, digestible crude protein, and total 
digestible nutrients, and are given in Appendix Table V. 

457. Severe work.—The more severe the labor which the horse per- 
forms, the larger must be the supply of net nutrients. Since the ration 

must not have undue bulk, this necessitates a large proportion of concen- 

trates, high in net energy content. On the other hand, the more severe 

the labor the smaller must be the allowance of roughage, for coarse feeds 
are of low value for producing work, and when given in undue amount 
hinder breathing, thru the distension of the digestive tract, thus placing 

an increased burden on the already hard-worked animal. However, 

some roughage must be supplied even during severe labor, for, as is 
shown elsewhere, horses fed no roughage but given an abundance of oats, 

which are rather high in fiber, soon show loss of appetite and impairment 
of the digestive functions. (107) It must be remembered that rich feed, 

carelessly administered, brings danger; hence especial care must be used 
in feeding the horse at severe work. 

Wolff cites the intense work of the mail-coach horses on the route 
from Plieningen to Stuttgart, Germany. Two strongly built, spirited 

horses, in good flesh, drew a heavy mail coach, often carrying 8 passen- 

gers, up and down the mountain road 35 miles daily, trotting at the speed 

of 5.4 miles per hour. They were fed daily 22 to 24 lbs. of oats mixed 
with cut straw, and hay without limit, of which they ate very little—often 

none at all. Under these severe conditions these horses received sufficient 
fiber in the oats and cut straw, and hence instinctively refused hay. 

Formerly the German army horse was fed only 11 lbs. of oats, 5.5 Ibs. 

of hay, and some cut straw during the maneuvers, when often traveling 

over 40 miles a day, covering about equal distances at the walk, trot, and 

gallop. It is not surprising that on this ration, containing only about 8.8 
lbs. of digestible nutrients, the horses, which performed about 11,900 ft.- 

tons of work daily, lost heavily in weight, and that many were unfitted 

for further military service. 
458. Variations in body weight.—During exercise and work a loss in 

body weight occurs due to the heavier oxidation or burning of the nutri- 
tive fluids of the body and to the largely increased evaporation of water. 

Grandeau and LeClere?* found that 2 horses lost on the average 2.3 Ibs. 

22 Ann. Sci. Agron., 1888, II, p. 276. 
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each when walked for 148 minutes without drawing a load, while on haul- 
ing a load at a trot for 79 minutes each lost 9.3 Ibs. A horse performing 
a certain amount of work at a trot gave off 20.6 lbs. of water vapor, nearly 
twice as much as when doing the same amount of work at a walk, and over 
3 times as much as when at rest. Such losses diminish the amount of 
energy available for the production of work. 

Rueff** found, after making corrections for food and droppings, that 

farm horses at medium work lost 7.7 lbs. each during 11 hours. A horse 

carrying a 176-lb. load lost 11 lbs. in 25 minutes and regained only 1 Ib. 
in 24 hours. A 14-yr.-old blind stallion ridden 90 minutes by a 166-Ib. 

rider lost 33 lbs., regaining 22 lbs. the following day. Von Lutzow”’ 
found that 20 draft horses, weighing about 1750 lbs., each lost from 44 to 
122 Ibs. when put at hard work for 2 weeks. In a 3-day rest period only 
3 horses regained their original weight. 

Boussingault*® found the maximum variation in the weight of 2 horses 
on the same keep and care during 15 days to be 25 and 28 lbs. respectively. 

A horse put on the seales at 4 o’clock after fasting weighed 1051 lbs. one 
morning, 1060 lbs. the next morning, and 1038 lbs. the third morning. 

This shows the necessity of carrying on feeding experiments for consider- 

able periods and with several animals in order to escape, or rather lessen, 
the errors which are introduced into the calculations thru accidental 
variations in the weights of the animals studied. 

II. PREPARATION OF FEEDING STUFFS FOR THE HorsE 

459. Chaffed hay.—In large establishments chaffing or cutting the hay 
given to horses is usually advisable, because the cut roughage can 

then be accurately administered according to the needs of each animal, 

dust can be allayed, and the feeding operations more systemized and ex- 

pedited. Horses that have been on the street all day and have worked to 

the limit may be given meal mixed with a small portion of the moistened 
chaffed hay, some of the nourishment thus being passed to the stomach 

more quickly than is possible when feeding long hay. On this point 
Lavalard,**? summarizing extensive experience with omnibus and cab 
horses in Paris, writes: ‘‘For the past 4 or 5 years we have chopped 
coarse fodder, using a ration of equal parts of hay and straw, and have 
found this practice the most economical for several reasons: Straw may 

thus be made to form an integral part of the ration, and the proportion 
of hay and straw may be accurately regulated. Furthermore, horses 

waste much less of such fodder. . . . The feeding of chopped fodder has 
brought about a considerable saving and permitted greater uniformity 
than was previously the case in our experiments.’’ On the other hand, 

having in mind farm horses, Lindsey of the Massachusetts Station*® holds 

that there is no particular advantage in cutting hay. (424) 

**Von Gohren, Naturgesetze d. Fiitterung, p. 370. ™ Expt. Sta. Rec., 12, p. 12. 

* Deut. Landw. Presse., 36, 1909, p. 285. *s Mass. Bul. 99. 

7° Ann. Sci. Agron., 1884, II, p. 330; Rural Economy, p. 397. 
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460. Cooked feed.—The custom of cooking even a small portion of the 
feed given to horses has almost ceased. Johnstone,?® who had the practice 
thoroly ingrained into his nature by early Scotch experience, out of his 

later observations writes: ‘‘Time was when I considered the feeding of 
sloppy stuff a necessity in properly wintering brood mares, but experience 
has shown me that dry food is best. Therefore I prefer uncooked food. . . 
Time was when I believed that for stallions during the season it was 

an excellent plan to give a mash of boiled barley every Wednesday and 
Saturday night. . . . The experiments have, however, shown that the ad- 
dition of this material to a horse’s grain ration makes no appreciable dif- 
ference in the manner in which the grain is digested.’’ (425-9) 

461. Soaked grain.—Wolff*® found that healthy horses with good teeth 
utilized beans and corn equally well, whether fed whole and dry or after 
having been soaked in water for 24 hours, care being taken in the latter 
case to guard against loss of nutrients. Ear corn that is so dry and flinty 
as to injure the horse’s mouth should be soaked or ground. Whole wheat 
and barley should always be soaked if they cannot be ground, or, better, 
rolled. (480) 

462. Ground grain.—Investigations have shown that when horses are 

fed whole oats mixed with cut straw or hay the percentage of kernels 
passing thru the alimentary tract unmasticated is much smaller than 
when the whole oats are fed alone. From his extensive studies with 

thousands of cab, omnibus, and army horses in France, to which cut straw 
or hay was usually fed, Lavalard*? concludes that the advantages gained 
by grinding oats were not covered by the expense. In some of the experi- 

ments the horses showed better appetites for whole than for ground oats. 
Grisdale of the Ottawa Experimental Farms**? lhkewise concludes that 
where oats are mixed with bran and cut hay there is no advantage in 
grinding if the horses have good teeth. Whether it will pay to grind oats 
when not fed with cut roughage will depend on how well the horse masti- 

eates the grain and on the expense of grinding. A profit from crushing 

oats is claimed by several large feed stables. As shown later (475), 
thruout the corn belt corn is usually fed on the cob or as shelled corn, 

tho some authorities recommend the use of corn-and-cob meal or coarse- 

ly ground corn meal. It is reasonable to hold that when horses are hard 
worked and have but little time in the stable, or when their teeth are 

poor, it is well to grind their grain. All small, hard grains, such as 

wheat, barley, rye, and kafir, should always be ground or, better, rolled. 

III. WaTERING THE HorsE; SALT 

463. Time for watering—On theoretical grounds various authorities 

have advised watering the horse before giving him grain, to prevent pos- 

sible flushing of the grain out of the stomach into the small intestine. 

2 The Horse, p. 77. 1 Wxpt. Sta. Rec., 12, p. 12. 

% Landw. Jahrb., 16, 1887, Sup. III, p. 21. ” Ottawa Expt. Farms Rpt., 1905. 
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Tangl** of Budapest, whose investigations concerning the time of water- 
ing horses are the most complete of any recorded, found that horses may 
be watered before, after, or during meals without interfering with the 
digestion or the absorption of the food they eat. All methods are equally 
good, tho circumstances may favor one over the other. A horse long de- 

prived of water, or having undergone severe exertion, should be watered 
before getting his feed. An animal accustomed to a certain order of 
watering should not be changed to another order, for such change di- 
minishes the appetite. Horses drink the greatest amount of water when it 
is given after they have been fed, and the least when it is supplied before 

they are fed. In some cases watering before feeding somewhat decreased 

the appetite. Tangl shows that the only important point in this whole 

matter, about which there has been so much discussion and dogmatic as- 
sertion, is to adopt a reasonable, convenient system of watering, and then 
rigidly adhere to it. It is dangerous to allow a horse to gorge himself 
with water when very warm, but a moderate drink taken slowly will re- 
fresh him without harm resulting. 

464. Amount of water consumed.—The amount of water which horses 
will drink depends upon many factors, the most important of which are 
the individuality of the animals, the temperature of the air, the nature of 
their food, and the amount of work performed. Grandeau and LeClere** 
found that 2 Paris cab horses when drawing a load at a walk consumed 

16 per ct. more water than when walking but drawing no load. On trot- 

ting with no load the amount was increased 6 per ct., and on drawing a 
load at a trot 85 per ct. over that consumed when walking without a load. 

Merrill of the Utah Station*® found that horses fed timothy hay drank 
79 lbs. of water each daily, while on alfalfa hay they drank 10 lbs. more. 

One of 2 horses getting alfalfa hay drank 21 lbs. of water more per day 
than the other. Morrow of the Oklahoma Station*®® reports that during 
hot weather in August a pair of farm mules drank 350 Ibs. of water in 1 
day—an extremely large amount. In making provisions for water, from 
10 to 12 gallons, or 100 lbs., daily should be allowed for each horse. (103) 

465. Salt—tThe horse shows great fondness for salt, and for his well- 

being it should be regularly supplied. Horses at hard work require more 
than those laboring less severely. Roberts** states that 4 horses on dry 

feed ate 28 pounds of salt in 56 days, or 2 ounces per horse daily. 

TV. MiscELLANEOUS Factors INFLUENCING EFFICIENCY OF HORSES 

466. Exercise—The Arabs have a saying, ‘‘Rest and fat are the great- 
est enemies of the horse.’’ The horse is par excellence the creature of 
motion, and in its feeding and management we should hold this point ever 
in view. The prudent horseman will bear in mind that correlative with 

% Landw. Vers. Sta., 57, 1902, p. 329. %Okla. Rpt. 1898. 

8 Ann. Sci. Agron., 1888, 2, p. 276. 37 The Horse, 1905, p. 311. 

® Utah Bul. 77. 
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liberal feeding there must be hearty exercise or severe labor, and that 

these conditions may be happily balanced. As soon as hard labor ceases, 

or constant and vigorous exercise is over, it will be found absolutely 

necessary to reduce the allowance of food if the proper balance is to be 
maintained. The idle horse should be limited to less than half the grain 

given wluile on regular duty, and in some instances it were better to give 

none, provided the roughage supphed be of good quality. 

A colt fed heavily on suitable nutrients will grow rapidly and develop 

good bone and strong muscle, provided at all times there be a proper 

balance between exercise and feed. The highly fed colt should be out of 

doors from 8 to 10 hours a day, and should move several miles each day 

either in the field, on the track, or both. A mature horse should be in the 

open air not less than 4 or 5 hours a day, and should travel from 10 to 15 

miles daily, to maintain health. 
467. The stable-—Proper ventilation of the stable is most important 

in maintaining the health of the stabled horse. Cool, well-ventilated 

quarters are far preferable to warm, close stables. Captain Havyes** 

states that in some large city stables of Russia the temperature is often 
kept 80° F. above that of the outside air in winter. Under these conditions 
trouble from influenza, inflammation of the eyes, and diseases of the resp1- 
‘atory organs are common. On the other hand, in the cavalry remount 

stables, roomy, clean, and well-ventilated, the horses keep in excellent 
health. He further states that previous to 1836, the mortality of horses 

in the French army was enormous, the annual loss varying from 180 to 
197 per 1000 animals. Enlargement of the stables and better ventilation 

reduced this mortality to less than one-seventh the former figures. In 

all eases horses should be protected from drafts, and judgment must be 
used in blanketing them in extreme weather. 

468. Blanketing and clipping—Horses at work prove more efficient and 

last longer when reasonably protected against sudden changes in tempera- 

ture and cold rains. It is important to blanket the horse in cold weather 

whenever his work ceases and he is forced to stand in the cold for even 

a short time. Stable blankets keep the coat in better condition, but when 

they are used it is especially necessary to protect the horse when stand- 

ing idle out of doors. 
The heavy coat which the horse grows for winter protection has cer- 

tain disadvantages with the work animal under his artificial conditions. 
The horse with a long coat sweats unduly at work and his system is 

thereby enervated and relaxed, rendering him especially subject to colds. 

As it is difficult to completely dry such a horse after a day’s work, it may 
often be advisable to clip him early enough in the fall to permit the 
erowth of a lighter coat for protection before severe weather begins. 

However, he should not be fall clipped unless he is carefully protected 
from cold at all times when not working. Horses are often clipped in the 
spring after the shedding process has begun, but before the new coat has 

°’ Stable Management and Exercise, 1900, p. 198. 
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started, thus, it is claimed, preventing as great a draft on the animal’s 

system and certainly obviating the annoyance of the shedding coat, es- 
pecially disagreeable in the case of gray horses. 

469. Grooming.—<As the horse at severe labor gives off several pounds 
of perspiration daily, when this evaporates considerable solid waste ma- 
terial is left on the animal’s coat. Thoro and careful grooming is neces- 

sary to remove such body waste and keep the pores open and the skin 
healthy. Aside from the better appearance which results, proper groom- 

ing pays in the greater efficiency of the hard-worked animal. It is best 

to groom the work horse at night after a severe day’s work, so that he may 

rest more comfortably. As idle horses running at pasture sweat little, 

consume green grass and other laxative foods, and have abundant op- 
portunity to roll, grooming is unnecessary. While grooming should be 

thoro, a dull eurrycomb is preferable to a sharp one, and a brush should 
be used on the tender head and legs. 

470. Care of teeth.— The teeth of the horse often wear irregularly as 

they elongate, especially those of old horses, leaving sharp points and 
ragged edges that cause pain, prevent proper mastication of food, and in 

extreme cases actually cause starvation. Many horses that are poor in 
flesh and wear staring coats, despite a reasonable supply of food, owe 
their condition to poor teeth alone. The teeth should therefore be fre- 
quently examined and eared for, the irregularities being removed by a 
float or guarded rasp. The first, or milk teeth, are also apt to remain too 
long in the young horse’s mouth, causing crooked permanent teeth; such 
should be removed with forceps. 

471. General hints——To be most efficient in converting the energy of 
his feed into useful work, the horse must labor in a properly fitting har- 
ness. The collar needs special attention, for the capacity of many a horse 
is decreased because he wears an ill-fitting collar. It is vitally important 

that his feet be properly shod, so that the weight and wear are evenly dis- 
tributed on the joints of the ankle. The other mechanical principles 
which determine the efficiency of work, such as the correct use of eveners, 

the proper adjustment of traces and of line of draft, the distribution of 
the load on the wagon, and the influence of size of wheel, width of tires, 
and character of road bed must all be given due consideration. In start- 

ing the day the horse should be gradually warmed to his work, so that his 
collar will be shaped to his shoulders, his muscles in proper trim, his 
bowels relieved, and breathing and heart action quickened before he is 
put to extreme exertion. It is likewise well to cool him off gradually at 
the end of a trip or of the day’s work before returning to the stable. 
That he may rest in comfort, his stall should be well bedded. 

No other farm animal is so strongly the creature of habit as is the horse, 

and in no way is he more so than in the matters relating to food and its 
administration. Sudden changes in quantity and variety should be 

avoided. A quick change from oats to corn may bring on colic, but 

changing from corn to oats is less dangerous. An abrupt change from old 



298 FEEDS AND FEEDING 

to new hay, or from late to early cut hay, may bring trouble. Wilted 

erass or new mown hay is more dangerous than fresh grass. Horses are 
especially susceptible to poisoning thru eating moldy grain or forage. 

(397) Any unusual feeding stuff, such as silage, roots, apples, etc., 
should be given in small quantities at first, and changes in kind and - 
quantity of any food should be made gradually. It is best to mix and 
feed several kinds of concentrates together rather than feed them sepa- 
rately. As a rule some hay should be fed at the same time the concen- 
trates are given, in order to distend the stomach and intestines properly. 

As is shown in the following chapter (492), more horses are injured by 

gorging on hay than by being given too little. 
472. Supervision of feeding.—In stables where many horses are main- 

tained, a group or row of animals should remain in the care of the same 
attendant, the whole establishment being under the watchful supervision 

of the superintendent. While we can estimate quite closely the amount 
of food to be given a hundred or a thousand horses, there should always 
be modifications and concessions to individual members of the establish- 
ment to be recognized and provided for by the guiding mind,—one horse 

should have a little more than the regulation allowance, and the next pos- 

sibly a little less, the object being to keep each in the desired condition. 

Usually it is not well to leave the feeding of horses to their own driver, 
for he has likes and dislikes, and the favorites are quite certain to receive 
more than their proper allowance of grain, while the others suffer. 

A watchful superintendent must ever be on the alert to see that each ani- 

mal secures the needed provender. 



CHAPTER XIX 

FEEDS FOR THE HORSE 

I. CARBONACEOUS CONCENTRATES 

At any point of observation we usually find the common ration for the 
horse restricted to one or two kinds of grain and the same limited number 
of roughages. In the northern Mississippi Valley states the ration is 

quite generally confined to timothy hay and oats. In the South, Indian 
corn is the main concentrate, fed with dried corn leaves, legume hay, and 

other roughages. Where sugar cane is grown, blackstrap molasses is an 
important source of energy for work animals. On the Pacific coast 

crushed barley is the common grain, with hay from the cereals. Passing 
to other countries we find an interesting array of articles in the diet of 
the horse, tho usually no large number in any one locality. In Europe 
various oil cakes and beans often form part of the concentrate allowance. 

In some districts stock bread is commonly employed. Thruout Arabia, 

Persia, Egypt, and Algeria the only grain is barley, usually mixed with 

barley or wheat straw which has been thoroly broken by the native 
threshing machine. In northern India and Bombay, a sort of pea, called 
gram, is the usual food. Bamboo leaves are fed! as a complete substitute 
for ordinary grass and hay in the hill districts of eastern Burmah. In 
France, Spain, and Italy, besides the grasses, the leaves of limes and grape 
vines, the tops of acacia, and seeds of the carob-tree are all employed. ‘‘In 
some sterile countries,’’ according to Loudon,? ‘‘horses are forced to sub- 

sist on dried fish, and even vegetable mould. In parts of India, salt, 
pepper, and other spices are made into balls, as big as billiard balls, with 
flour and butter, and thrust down the animal’s throat.’’ 

With this brief survey of some of the foods employed in the nourish- 
ment of the horse, let us consider in detail the feeding stuffs of impor- 
tance in the United States. 

473. Oats——No other grain is so keenly relished by horses of all classes 

and ages and so prized by horsemen as the oat, the standard of excellence 
with which other concentrates are compared. Oats are the safest of all 
feeds for the horse, in part because the adherent hull, tho of low nutri- 

tive value, gives such bulk that not enough of this grain can be eaten at 

one time to cause serious troubles from gorging, and so there is little 

danger from possible errors in measuring the grain allowance. (223) On 
account of the hulls there is, likewise, less tendency than with corn for 

this grain to pack in the horse’s stomach where there is much less churn- 

ing or mixing motion than with the ruminants. (39) 

1Hayes, Stable Management and Exercise. 

2 Bncyclopedia of Agr., 1886; Article, Feeding of Horses. 
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For mature horses with good teeth and ample time for masticating 
and digesting their food, it will hardly pay to grind or crush oats. They 

should be thus prepared, however, for horses with poor teeth, for foals, 

and often for hard-worked horses. New and musty oats should be 

avoided. A safe rule is to feed 1 quart or 1 pound of oats daily for each 
100 Ibs. of horse—more for the hard-worked and less for the idle. 

Even oats do not always form a perfect concentrate, for Axe® states 
that the strongest advocates of this feed in England recognize that for 

hunters and for other horses in severe weather the ration is improved by 
the addition of beans. 

474. Substitutes for oats—Because of their universal favor and the 
wide demand for them, oats are rarely an economical grain where ex- 

pense must be considered. Fortunately, both practical and scientific 
trials alike teach that other single grains or mixtures of concentrates may 

be substituted for oats without injury to the condition, wind, endurance, 
or even the spirit of the horse. 

The Arab steed, so renowned for mettle and endurance, is fed no oats, 

but chiefly barley. After experiments covering 35 years, involving the 
feeding of 16,000 omnibus horses in Paris and some 17,000 French army 

horses, Lavalard,* the great French authority on the nutrition of the 

horse, concluded that the substitution of other feeds for oats, while ef- 
fecting a great saving, had not in the slightest lowered the productive 
power of the horses. 

The entire success attained with grain mixtures containing no oats, but 
properly balanced in nutrients and having the requisite bulk, shows that 
in making up the ration for the horse, just as with other animals, the 
prices of the various available feeds should always be considered. The 

many grains and by-products which may be successfully fed to the horse 
in place of oats are discussed in the following articles. From these studies 
and a knowledge of ruling market prices for feeds each feeder may deter- 

mine for himself the most economical rations to employ. 
475, Indian corn.—Next to oats, Indian corn (maize) is the common 

grain for horses in America, being most largely used in the middle and 

southern portions of the corn belt and southward in the cotton states. 
Millions of horses and mules on American farms and plantations get 
their strength from corn, scarcely knowing the taste of oats. While corn 

does not have all of the superlative qualities of oats, nevertheless, because 
of lower cost and higher feeding value, it will always be extensively used 
in this country wherever large numbers of horses must be economically 

maintained. (201) 
When corn forms a large part of the concentrate allowance, the ration 

should be balanced by concentrates or roughages rich in protein and 
mineral matter, in which this grain is deficient. As corn is a heavy, high- 

ly concentrated feed, care must also be exercised in limiting the amount 

fed to the needs of the animal. To neglect of these principles may be as- 

2The Horse, etc., 1907, Vol. 8, p. 347. 4Bixpt. Sta. Rec., 12, 1900, p. 13. 
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eribed the unfavorable results that sometimes follow the feeding of this 
grain. 

In all cases changes from oats or other feeds to corn should be brought 
about gradually. New corn may produce indigestion. Ear corn is safer 
to feed than shelled corn, for the grain keeps best on the cob and the 
horse eats corn on the cob more slowly and chews the grain more com- 
pletely. Unfortunately it is often difficult to secure good ear corn in the 
city, due to its bulk. 

Altho thruout the corn belt the grain is usually fed on the cob or 

shelled, various authorities? recommend grinding, especially for hard- 
worked horses. Finely ground corn meal fed alone, however, may form 
an adhesive mass in the stomach, difficult to digest, and cause colic. If it 

eannot be fed on the cob it is safer to grind coarsely, or if fine, it should 

be mixed with chaffed hay or straw. The Paris Omnibus Company® 
found it advantageous to feed corn-and-cob meal, holding that the fiber 

of the cobs made the ground material more like ground oats in fiber con- 

tent. In experiments at the North Carolina Station’ with 3 teams of 
mules and 1 team of horses Burkett found corn-and-cob meal as valuable 
as an equal weight of shelled corn. The economy of grinding corn will 
depend on the cost and trouble involved; generally it will not pay. (423) 

476. Corn with carbonaceous hay.—Since a ration composed of corn and 

carbonaceous roughage, as timothy or prairie hay, is deficient in protein, 

even for work animals, it will be improved by the addition of some 

nitrogenous concentrate. This is shown by the following results secured 
by McCampbell at the Kansas Station® in a 140-day trial with artillery 
horses, performing more severe labor than the average farm horse: 

Feeding a nitrogenous supplement with corn and carbonaceous hay 

Daily cost of 
feed per 1,000 
lbs. live wt.* 

Initial Gain or loss Nutritive 
Average ration weight in weight ratio 

Lot I, 76 horses Lbs. Lbst Cents 
Oats, 12 lbs. 

Rraineshaya 4a bsseesre see ee 1,131 16.3 i “EEO 20.3 
Lot II, 76 horses 

Shelled corn, 12 lbs. 
Exaimeshay, 14 lbsis, 24) Jee 1,181 —29 .3 plea 17.5 

Lot III, 22 horses 
Shelled corn, 6 lbs. 
Wheat bran, 3 lbs. 
Linseed meal, 1 lb. | 
Pramebaymiasbssen) te 2,2 4a) Yi 1i159 3.9 eee 6.7 

* Oats, $0.385 and shelled corn, $0.55 per bu.; wheat bran, $20.00, linseed meal, $35.50, and prairie 
hay, $12.50 per ton. 

In the winter when the weather was cold and the work moderate there 
was no apparent difference between the horses in Lots I and II]. However, 

as the weather grew warmer and the work more severe, the corn-fed 
horses began to lose weight, tho their endurance, wind, or spirit was not 

° Stewart, Feeding Animals, 1886, p. 384; Burkett, Farm Stock, 1909, p. 72. 

®*Centbl. Agr. Chem., 1881, p. 767. ™N.C. Bul. 189. *®Kan. Bul. 186. 
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injured. The well-balanced ration fed Lot III was fully as satisfactory 
as the oat ration and more economical than the straight corn ration. The 

objections often raised against corn—that horses fed corn lack nerve and 
action, sweat easily, and wear out earlier—are doubtless due to feeding 
an excess of this grain or failure to balance the ration properly. 

Hooper and Anderson of the Kentucky Station® report that corn with 
timothy and oat hay maintained mules, working on an average 6 hours a 

day, in good condition, but that the skin and hair of the corn-fed mules 
were not so soft and glossy as with those fed a mixture of 3 parts corn, 1 
part wheat bran, and 1 part oil meal. 

Beginning in 1874, the Paris Omnibus Company, employing nearly 
10,000 horses averaging about 1200 lbs. each, conducted extensive feeding 

trials with Indian corn. Feeding corn exclusively with hay from the 
grasses was found to depress the spirits of the horses, and accordingly a 
mixture of 6.6 lbs. of corn and 12.1 lbs. of oats was adopted, varying 
somewhat with different horses. Lavalard?® states that thru this com- 
bination the company effected a saving of from $200,000 to $300,000 
yearly. The Paris Cab Company, also beginning at about the same time 
to feed corn in place of oats, had such satisfactory results that it almost 
entirely ceased feeding oats. 
From these trials, and others with some 17,000 French army horses, 

Lavalard writes: ‘‘Experiments have demonstrated that corn can re- 

place oats in the ration of both army and cavalry horses, and if substi- 

tuted weight for weight, it increases the nutritive value of the ration. 
The horses fed the corn ration were used the same number of 

hours in military drill, and in the maneuvers were ridden at the same 

gait as those fed oats, and it was practically impossible to perceive the 
least difference in the 2 classes. The army officers, prejudiced as they 
naturally were, were forced to admit that-all the horses showed the same 
energy and vigor. Careful records kept show that sickness and mortality 
were the same for the harses on the 2 rations.”’ 

477, Corn and legume hay.—With legume hay, which supplies the lack- 
ing protein and ash, for roughage, corn may be successfully fed as the 
only concentrate to mature horses at general farm work. Carmichael 

fed one horse in each of 3 farm teams at the Ohio Station" shelled corn, 

and the other one oats with mixed clover and timothy hay for roughage. 

The trial lasted 48 weeks, with the following results: 

Ear corn vs. oats with mixed clover and timothy hay 
Gain or Work Feed cost 

Initial loss in per Daily cost per hour 

Average ration weight weight day of feed* of work* 

Lbs. Lbs. Hrs. Cents Cents 

Corn-fed horses 
Ear corn, 14.9 lbs. 

Mixed hay, 16.0 lbs.... 1,525 —3 5.4 15.0 3.3 

Oat-fed horses 
Oats, 14.8 lbs. 

Mixed hay, 17.3 lbs.... 1,424 9 So 20.8 4.5 
* Corn, $0.40, and oats, $0.30 per bu.; hay $8.00 per ton. 

*Ky. Bul. 176, 1913. 0 Axpt. Sta. Rec., 12, 1900, p. 14. 4 Ohio Bul. 195. 
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The corn-fed horses received about the same weight of ear corn, in- 

cluding cob, as their team mates did of oats, and ate less hay, yet they 

practically maintained their weight. Substituting ear corn for oats re- 
sulted in a saving of over one-fourth in cost of feed. 

Trowbridge fed one mule in each of 2 farm teams at the Missouri 
Station’? shelled corn and the other one oats, all receiving mixed clover 
and timothy hay, for 364 days, when the rations were reversed and the 
feeding continued for another 364-day period. The mules fed corn main- 

tained their weight slightly better than those fed oats and at 21 per 

et. less expense for feed, with oats at $0.40 and shelled corn at $0.50 
per bushel. Both Carmichael and Trowbridge report that the corn-fed 

animals endured hard work during hot weather as well as those fed oats, 
and that the corn was not detrimental to health or spirit. 

478. Barley.—This grain is extensively employed for horse feeding ° 
in Africa, in various parts of the Orient, and in Europe. In this country 
it is used on the Pacifie coast, especially in California. Shepperd of the 
North Dakota Station?® found that for hard-worked horses barley was 

not quite so valuable, pound for pound, as oats. Lavalard also con- 

eludes from 20 years’ experience that to replace oats a slightly greater 
quantity of barley must be fed, especially when rations are calculated 

as closely as they are with army horses. Where the horses’ teeth are 
good and their labor not severe, barley may be fed whole, but it is usual- 
ly best to grind or, better, roll it. Barley meal forms a pasty, unpleas- 
ant mass when mixed with the saliva in the mouth. This ean be largely 
avoided by crushing the grain to flattened discs between iron rollers. 
(226) 

479. Wheat.—Altho the price of sound wheat usually prohibits its use 
as a horse feed, that which has been frosted or otherwise damaged, if not 

moldy, may be fed with economy. Wheat should preferably be rolled 
and.fed in moderate amounts only, mixed with a bulky concentrate, such 
as bran, or with chaffed forage to avoid digestive troubles and skin 

eruptions.* (215) 
480. Rye.—In Germany, according to Pott,’° many work horses are fed 

2 to 6.6 lbs. of rye per day in combination with oats or other concentrates, 
the grain preferably being rolled or bruised and mixed with cut straw. 
The change to rye must be gradual or colic may result, especially if the 
grain is not well mixed with cut fodder. The bad results reported with 
rye are probably due to grain of poor quality, or that containing impuri- 

ties. (232) 
481. Kafir; milo.—In the regions where they flourish, the seeds of the 

various sorghums are extensively employed for horse feeding, tho some- 

what less valuable than corn. Being small and hard, they should be 
ground or chopped, and if possible mixed with bran or middlings, for 
they tend to produce constipation. These grains may also be fed un- 

2 Mo. Bul. 114. %N. D. Bul. 45. 

“4Shepperd, N. D. Bul. 45; Pott, Handb. Ernahr. u. Futter., II, 1907, p. 445. 

%Handb. Ernahr. u. Futter., II, 1907, p. 449. 
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threshed in the heads along with the forage. Morrow of the Oklahoma 

Station’® reports the successful feeding of kafir to farm mules and horses. 
(235-42) 

482. Cane molasses—Thruout the sugar-cane districts cane molasses 1s 

often the most economical source of carbohydrates for work animals. 
Dalrymple*’ of the Louisiana Station, collecting data from 47 Louisiana 

sugar plantations employing over 5,000 work animals, chiefly mules, 
found that an average of 9.5 lbs. of cane molasses was fed daily to each 
animal, the maximum being 21 lbs. The molasses was usually mixed 
with corn (ground with both cob and husks), other concentrates, or cut 

hay, but was sometimes fed separately in troughs or poured on “uncut 

roughage. The ration was usually balanced with legume hay or cotton- 

seed meal. Planters held that the use of molasses reduced digestive dis- 
turbanees and improved the health and endurance of the animals, with 

a saving of 10 to 50 per ct. in cost of feed. No scouring, such as would be 
produced by large quantities of beet molasses, was noted. Berns’* re- 
ports improvement in the condition of 100 heavy truck horses in New 

York on feeding 1 quart of molasses daily, diluted with water and mixed 

with grain and eut hay. Dalrymple and Berns both obtained satisfactory 

results on feeding molasses to driving horses. 
Because of its high price molasses is rarely an economical source of 

carbohydrates in the northern states, tho a quart or more a day may 

often be profitable as an appetizer or tonic with horses out of condition.” 

(279) 
483. Beet molasses and molasses mixtures.—Because of its laxative prop- 

erties, beet molasses must be fed only in hmited amounts, but when not 

given in excess, it has given satisfactory results and is well liked by 
horses. (276) It may be thinned with warm water and mixed with 

cut fodder or fed in such mixtures as molasses-beet-pulp, alfalmo, ete. 
(280) In trials with 130 hard-worked horses of a Budapest transporta- 
tion company, Weiser and Zaitschek°® obtained entirely satisfactory re- 
sults for months with a ration, per 1000 lbs. live weight, of 4.1 lbs. beet 
molasses mixed with 5.6 lbs. wheat bran and fed with 5.7 Ibs. corn with 
an unlimited allowance of hay. One lb. of molasses replaced 0.78 lb. of 

corn. When the molasses was increased to 5.5 lbs. per 1000 Ibs. live 
weight no injurious effect on the health of the animats was observed, but 

the molasses-bran mixture proved too sticky to be palatable. Pott?! 
mentions the successful use of various molasses mixtures and cites in- 

stances where 2 to 3 Ibs. of peat-molasses successfully replaced an equal 

weight of grain. 

18 Okla. Rpt. 1898. 

“Ta, Bul. 86, 1906; Breeder’s Gaz., 48, 1905, p. 277. 

8% Amer. Vet. Rev., 26, 1902, pp. 615-623. 

” Lindsey, Mass. Bul..118, 1907; Gay, Productive Horse Husbandry, 1914, p. 238. 

~»TLandw. Jahrb., 37, 1908, pp. 138-149. 

2 Handb. Ernibr. u. Futter., II, 1909, p. 336. 
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In trials with 15,000 horses of the Paris Omnibus Company Lavalard”? 
fed as high as 4.4 lbs. of peat-molasses daily with fewer digestive disturb- 
ances than on a ration containing no molasses. 

Molasses and many of the molasses mixtures on the market are car- 

bonaceous feeds, deficient in protein, and at the high prices often asked 
are uneconomical sources of carbohydrates. 

484. Miscellaneous carbonaceous concentrates Sugar, fed in small 

amounts, has been recommended for horses. On feeding one lot of 18 
artillery horses oats and prairie hay and another lot the same ration, 
except that 0.5 lb. of sugar was substituted for 2 lbs. of oats, MeCamp- 
bell** of the Kansas Station found that the sugar-fed horses sweat more 

easily than the others, altho showing excellent coats of hair and good 
appetites. He concludes that while a small amount of sugar may be fed 
as a conditioner, it is not an economical substitute for the various grains 
ordinarily available. (281) 
Rough rice is an economical feed for horses and mules in the southern 

states, when low in price compared with other cereals. In trials with 2 
mules at the Louisiana Station Dalrymple** gradually substituted rough 
rice for an equal weight of cracked corn, feeding as high as 8 lbs. per day 

with good results. (234) 
Dried beet pulp is often refused by horses when fed alone, but when 

mixed with other concentrates may well be used as a portion of the ra- 
tion. In Hanover, Germany, 5.5 to 6.6 lbs. per head daily are often fed 

to work horses.”° (275) 

II. NrtroG—ENous CONCENTRATES 

485. Leguminous seeds.—Like the horse bean and other varieties of 
beans, so widely fed in Europe, the field pea in the northern states and 
the cowpea and soybean farther south are useful in supplementing rations 
deficient in protein. (256, 261-2) At the North Carolina Station*® Bur- 
kett obtained satisfactory results in feeding cowpea meal as one-third to 
two-thirds the grain allowance for mules getting corn-and-cob meal and 

meadow or oat hay. All these leguminous seeds should be ground, and on 

account of their protein-rich nature should not be fed as the sole concen- 

trate. Lavalard2” states that when beans replace oats only half the 

quantity should be used. 

486. Wheat bran.—Bran is one of the most useful feeds for the horse, 

because of its bulky nature and mild laxative properties. (218) If not 

more freely provided, its use once a week, preferably in the form of a 

22 Deutsche Landw. Tierzucht, 1902, p. 986. 

Kan. Bul. 186, 1912. 

4a. Bul. 122. 

2 Pott, Handb. Ernahr. u. Futter., III, 1909, p. 310. 

26 N.C. Bull 189: 

7 BHxpt. Sta. Rec., 12, 1900, p. 15. 
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mash, wet or steamed, is desirable for its beneficial action on the alimen- 

tary tract. As the immediate effect of the laxative mash is somewhat 
weakening** it should be given at night and preferably before a day of 
rest. 

When low in price, bran may profitably be fed in larger amounts as a 
partial substitute for oats. Burkett fed 2 1220-lb. farm work horses a 
ration of 7 lbs. of oats and 7 lbs. of corn with 12 Ibs. of timothy hay dur- 
ing the summer at the New Hampshire Station,” while in the ration of 2 
others 7 lbs. of bran was substituted for the oats. The horses fed bran 
worked on the average 0.7 hour less per day than those fed oats but made 

an average gain of 113 lbs. during 26 weeks, while the oat-fed horses 
gained only 28 lbs. After repeating the trial during the winter with sub- 

stantially the same results, Burkett concludes that when fed in this 
combination bran can replace an equal weight of oats. As bran is low in 

lime, when heavy allowances of bran are used feeds should be given which 

are high in lime, or lime should be added in the form of ground lime- 
stone, ete. (98) After years of experience Shepperd of the North Dakota 

Station®® concludes that a mixture of equal parts by weight of bran and 

shorts, fed with prairie hay, is equal to the same weight of oats for farm 
work horses, tho not quite so palatable. Pott*? holds that feeding over 1 
Ib. of bran per day to horses worked at a rapid pace tends to make them 

indolent. 
487. Wheat middlings; shorts.—Tho furnishing more nutriment than 

bran, middlings or shorts are not as desirable for the horse, because of 
their heavier character. When fed to horses they should be mixed with 

bulky feed and given in relatively small amount, as they tend to produce 

eolic, the danger being great with some horses. (220) 
488. Dried brewers’ grains.—This by-product may often be substituted 

for oats with economy. At the New Jersey Station** in a trial with 4 
teams of 1000-lb. street car horses, fed a ration of 8 lbs. oats, 2 lbs. wheat 
bran, 4 lbs. shelled corn, and 6 lbs. hay, Voorhees substituted an equal 

weight of dried brewers’ grains for the oats in the ration of one horse in 
each team. The change produced no ill effects on the horses, which trav- 

eled not less than 24 miles per day. The conclusion was reached that 
pound for pound good quality dried brewers’ grains were fully equal to 
oats. Voorhees reports®* that a gardener living near the Station, guided 
by its teachings, successfully fed a ration of dried brewers’ grains, corn, 

and hay to 8 animals, with a saving in yearly feed bills of about $150 

over the previous cost. Not being particularly palatable, dried brewers’ 

grains should be mixed with other concentrates. Hooper and Anderson** 

of the Kentucky Station report the grains somewhat constipating for 

horses and mules. (228) 

°° Burkett, Farm Stock, 1909, p. 73. SNe Je pt, 1892. 

*N. H. Bul. 82. NJ. Rpt. 1893: 

20Ne DD? Bul.45- 4 Ky. Bul. 176. 

* Handb. Ernihr. u. Futter., III, 1909, p. 159. 



FEEDS FOR THE HORSE 307 

489. Linseed oil meal or cake.—Linseed meal, with its high protein con- 
tent and its tonic and somewhat laxative properties, is an excellent 
nitrogenous supplement for the horse. McCampbell of the Kansas Sta- 
tion®® compared the value of linseed meal and wheat bran in a 110-day 
trial in which 1170-lb. artillery horses were fed a ration of 12 lbs. prairie 
hay, 4 lbs. oats, 6 Ibs. corn, and either linseed meal or wheat bran, as 
shown in the table: 

Linseed meal vs. wheat bran for horses 
Daily cost per 

Av. loss in wt. 1,000 lbs. 
Daily supplement allowance per head live wt. 

Lbs. Cents 

Lot I, 77 horses, Linseed meal, 1 Ib............... 2.5 17.0 
Lot II, 75 horses, Wheat bran; 4 lbs.............. 6.7 18.8 

In this trial 1 lb. of linseed meal was as effective in balancing the ra- 
tion as 4 Ibs. of bran, for the horses in Lot I lost slightly less in weight 
than those in Lot II and showed better coats of hair, indicating a thriftier 
condition. The endurance and spirit of both lots were entirely satis- 
factory. With linseed meal at $35.50 and bran at $20.00 per ton, the sub- 
stitution of the meal lowered the feed bill about 10 per ct. 

In a trial at the Iowa Station*® with 3 teams of farm horses Kennedy, 
Robbins, and Kildee found a mixture of 1 part oil meal and 10 parts 
shelled corn, fed with timothy hay, too laxative for horses at hard work in 
summer. A mixture of 1 part oil meal, 4 parts oats and 12 parts corn, 
proved as satisfactory as one of 6 parts oats and 4 parts corn. Substi- 
tuting oil meal for a large part of the oats saved 1.6 cents in daily cost 
of feed. Altho Pott*’ reports the satisfactory use with work horses of 
3 to 4 lbs. of linseed cake in combination with other feeds, not over 1 
to 1.5 lbs. per head daily should ordinarily be given. A pound or less a 
day of linseed meal is a helpful conditioner for run-down horses with 
rough coats, and is excellent in spring to hasten shedding of the hair and 

as a laxative with constipated animals. In fitting horses for show or sale 
it gives bloom and finish. (254) 

490. Cottonseed meal.—While it is not safe to feed cottonseed meal in 
large amounts to horses or mules, good results are secured when this feed 
is properly used. Being a heavy concentrate, not particularly relished by 
these animals, it should be mixed with some well-liked bulky feed. At the 
North Carolina Station®® Curtis found it impracticable to feed mules on 
cottonseed meal and ear corn. Altho fairly satisfactory, a mixture of 1 

part cottonseed meal with 6 parts shelled corn was less relished than 1 
part of meal with 3 of corn-and-cob meal, the remaining corn being fed 
on the cob. The meal may also be mixed with whole or crushed oats, dried 
brewers’ grains, or cut hay. It is claimed by some that crushed or ground 
unhusked corn gives excellent results as a basal feed when using cotton- 

*® Kan. Bul. 186. %Handb. Ernahr. u. Futter., III, 1909, p. 25. 

* Towa Bul. 109. N.C. Buls. 215, 216. 
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seed meal. Burkett*® suggests sprinkling the meal on silage, or on hay 

or stover moistened previous to feeding. Louisiana planters attribute 

their success in feeding cottonseed meal largely to the fact that they 

mix it with blackstrap molasses. 

Curtis states that the meal fed daily should rarely exceed 2 lbs. per ani- 
mal, a safe rule being 0.2 lb. for every 100 lbs. live weight of animal. 
For work horses the cottonseed meal fed should not exceed 15 or, better, 

10 per ct. of the total ration by weight. Horses should be started on 

cottonseed meal gradually, not over one-fourth lb. being given at each 
feed for the first 2 or 3 weeks. When the maximum amount of meal is 
fed it should be distributed equally in the 3 daily feeds. Against the 

claim that work stock fed on cottonseed meal suffer from short wind and 

weak eyes, Curtis reports that trials covering 3 years showed no such 

harmful effects. Judge Henry C. Hammond of Augusta, Georgia,* re- 
ports that for 5 years he fed 10 pleasure and work horses each 1 Ib. of 
cottonseed meal daily without a single sick animal or one not ready for 

work, due, he holds, to the fact that the meal was always mixed with some 

hght concentrate. 
In a 154-day test at the Iowa Station*! with 3 work teams fed timothy 

hay, 6 per et. of cottonseed meal proved as effective as 8 per ct. of linseed 

meal in balancing a grain mixture of 15 per ct. oats and the remainder 
corn. Burkett*? found a ration of cottonseed meal, corn, and corn stover 

satisfactory in winter for horses and mules doing moderate work. Like 
linseed meal, cottonseed meal is useful in conditioning horses and im- 

proving their coats.** (246-50) 
491. Miscellaneous nitrogenous concentrates.—Oil cakes and meals from 

sunflower seed, rape seed, peanut, cocoanut, sesame, etc., are fed to horses 
in different parts of Europe in quantities of 2.2 to 4.4 Ibs. per horse daily 

with good results.*4 The French war department* found cocoanut meal 
equal to the same weight of oats for army horses. (258-60) 

Gluten meal was found by Kennedy, Robbins, and Kildee at the Iowa 

Station*® to be rather unpalatable when 1 part was fed with 8 of corn 
meal, altho this mixture fed with timothy hay maintained the weight of 
farm horses as well as a mixture of 1 part linseed meal and 15 of 

corn. (211) 
Dried distillers’ grains fed by Lindsey*’ at the Massachusetts Station 

as one-fourth of the concentrate allowance to horses gave excelient results. 

Fed by Plumb‘* at the Indiana Station as one-third of the grain allow- 
ance, these proved fairly satisfactory with some horses, but unpalatable to 

others. (282) 

SNe Cee legs 9 

40 Pamphlet “Cottonseed Meal for Horses and Mules”; private correspondence. 

“Towa Bul. 109. 

aINe Cag bl. el 39). 

4 Curtis, N. C. Bul. 215, 1911; Pott, Handb. Ernahr. u. Futter., III, 1909, p. 110. 

44Kellner, Ernahr. Landw. Nutztiere, 1907, p. 456. 

45 Milch Zeit., 1883, p. 517. “Iowa Bul. 109. “ Mass. Bul. 99. “Ind. Bul. 97. 
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Tankage and blood meal were found by Burkett at the North Carolina 
Station*® to be useful for run-down, thin horses, 1 to 2 Ibs. of tankage or 
1 lb. of blood meal being employed. Pott®® states that blood meal has 
given excellent results in horse feeding. La Querriere®? states that boiled 
meat meal mixed with hay and straw is excellent for horses. The Arabs 

feed their horses camel’s flesh mixed with other feed in the form of cakes. 
(270) 

ITI. CarBponaceous RoUGHAGES 

492. Excess of roughage injurious—-We have seen previously that 

horses can not live on concentrates alone, even on oats with their straw- 

like hulls. (107) An excess of roughage, on the other hand, is also in- 

jurious. When we recall that the stomach of the horse has a capacity 

of only 19 quarts (85), while the 4 stomachs of a cow may hold 267 
quarts, it is evident that the horse at hard work cannot well derive most 
of its nourishment from roughage. Thru carelessness or mistaken kind- 
ness the mangers are often kept filled with hay, especially in the case of 

farm horses. The horse then gorges himself on this provender, with a 

staring coat, labored breathing, and quick tiring as the least serious, tho 

probably the most noticeable results. For this animal there should 

always be a definite, limited daily allowance of hay, given mostly at night 

when there is ample time for its mastication and digestion. Many di- 
gestive disturbances are caused by forcing the horse to work with his stom- 

ach distended by coarse feed. More horses are injured by feeding too 

much than too little hay. On feeding 1 horse in each of 2 teams doing 

ordinary farm work all the timothy hay they would eat, in addition to 

oats, while the others were given about two-thirds as much hay, Clark°* 

at the Montana Station found that those fed the smaller amount had more 
life and sweat less. In another trial a horse receiving 7.5 lbs. of grain 

daily was allowed all the early cut timothy hay it wished, and ate so 

much that it failed to gain in weight, had a staring coat, and lacked life 
and vigor. 

493. Timothy hay.—Altho not rich in digestible nutrients, timothy hay 
is the standard roughage for the horse thruout the northeastern United 
States. The freedom from dust of good timothy hay commends it as a 
horse feed, and it is an excellent roughage for animals whose sustenance 

comes mostly from concentrates. While timothy cut too green makes 

‘‘washy’’ hay, it should not be allowed to stand until it becomes woody 
and indigestible. A reasonable allowance of timothy hay is 1 Ib. daily per 
100 lbs. of animal. So far as possible the other roughages here considered 
will be compared with timothy hay as the standard. (812) 

494, Cereal hay.—On the Pacific coast, especially in California, the 
cereal hays—barley, wild oat, wheat, ete.—are extensively employed as 
roughages for horses. The excellence of the speed horse and the endur- 
ance of the work horse of the coast region attest the merits of these feeds. 

EINES (OL Wait Te) 51 Milchzeitung, 1881, p. 753. 

° Handb. Erndhr. u. Futter., III, 1909, p. 515. 2 Mont. Bul. 95, 1913. 
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In some cases where racing horses have been sent to the East cereal hay 
was forwarded with them for their nourishment. Thruout the Rocky 

Mountain region oat hay is of considerable importance. Cereal hay may 
often be advantageously employed for horse feeding in the eastern United 
States. At the North Carolina Station®*? Burkett found that hay from 
oats cut in the milk stage compared favorably with clover and cowpea hay 
for horses. (318) 

495. Prairie hay.—Thruout the western states prairie hay from the 
wild grasses forms an excellent roughage for the horse. From trials 

lasting 110 to 140 days with 453 artillery horses, McCampbell’* of the 

Kansas Station concludes that timothy hay is shghtly more valuable than 

prairie hay, since the horses fed timothy maintained their weight rather 
better than those fed prairie hay. However, he holds that when timothy 
hay costs 10 per ct. more than good prairie hay, the latter is more eco- 
nomical. (325) 

496. Brome hay.—This hay, common to the northern plains region, 
proved fully equal to timothy in a trial at the North Dakota Station in 
which Shepperd®® fed 1 horse in each of 2 work teams brome hay and oats, 
while their team mates received timothy and oats, as the following shows: 

Brome vs. timothy hay for horses 
: Daily gain in weight Daily work 

Average ration Lbs, ates 

Lot I, Brome hay, 22.2 Ibs. Oats, 14.5 Ibs........ 0.77 a2 
Lot II, Timothy hay, 21.9 lbs. Oats, 14.5 lbs..... 0.42 LS 

The horses getting brome hay gained slightly more in weight than those 

fed timothy. (316) 
497, Southern hays.—To determine the value of Johnson grass, Ber- 

muda, and lespedeza hay compared with timothy or alfalfa hay Lloyd of 
the Mississippi Station®® conducted trials with 5 lots of 4 to 5 growing 2- 
to 3-yr.-old mules for 89 days, the animals being fed under shelter and 
allowed the freedom of a yard. The mules in each lot were given a grain 
allowance of 2 lbs. oats, 4 Ibs. corn-and-cob meal, and 0.5 Ib. cottonseed 

meal, with hay as shown in the table: 

Comparison of southern hays 
Av. daily Feed per 100 lbs. gain Cost per lb. 

Average allowance of hay gain Concentrates Hay gain 
Lbs. Lbs. 8. Cents* 

Lot I, Johnson grass hay, 11.3 lbs... 0.44 1,558 2,520 36 

Lot II, Bermuda hay, 11.3 lbs...... 0.48 1,607 2,601 37 

Lot III, Timothy hay, 11.3 lbs..... 0.44 1,573 2,545 48 

Lot IV, Lespedeza hay, 11.3 lbs.... 0.67 1,038 1,680 Di 

Lot, Alvalfashay, 10-3 Ibsi.) seer 0.86 812 1,313 21 

* Johnson grass and Bermuda hay $11, timothy hay $20, and lespedeza and alfalfa hay $15 per ton. 

This trial shows that hay from Johnson or Bermuda grass is as valu- 

able for horses or mules as timothy hay. (820-1) Lespedeza and alfalfa 

N.C. Bul. 189. tN blll. 45. 

“Kan. Bul. 186. r *% Information to the authors. 
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hay are of still higher value for growing animals on account of their rich- 
ness in protein and ash. With lespedeza and alfalfa hay at $15 per ton 
and Johnson grass and Bermuda hay at $11, the legume hays produced 
gains at a considerably lower cost. 

498. Millet hay—Hay from Hungarian grass, Japanese millet, etc., 
may often be advantageously fed to horses, provided the allowance is 
limited. Hinebauch of the North Dakota Station? found that, fed ex- 
clusively to horses for long periods, millet hay caused increased action of 
the kidneys, lameness and swelling of the joints, infusion of the blood into 
the joints and finally destruction of the texture of the bones, which were 
rendered soft and less tenacious so that movements of the animal would 
sometimes cause the ligaments and muscles to be torn from them. Since 
the millets are among the oldest and most widely grown of all agricultural 
plants, it is but fair to hold that good millet hay, fed in moderation, or 
with other roughage and always with some concentrate, should prove 
satisfactory and produce no unfavorable effects. (317) 

499. Sorghum hay.—Forage from the sweet sorghums, when properly 
cured, is superior to corn forage for horses. It usually deteriorates rapid- 

ly in value after midwinter unless well cured and kept in a dry place. 

Moldy, decaying sorghum forage is especially dangerous to horses. Kafir, 
tho not quite so palatable as the sweet sorghums, is extensively and profit- 
ably used for horse feeding over a large region in the southwestern 
states. The Oklahoma Station®’ found kafir stover equal to corn stover in 
feeding value. (308) 

500. Corn fodder and corn stover.—Thickly grown fodder corn and corn 

stover, when properly cured and cared for, are among the best of rough- 
ages for the horse. Corn leaves are usually quite free from dust, palat- 
able, and full of nutriment. For stallions, brood mares, idle horses, and 
growing colts good corn forage is usually a most economical and helpful 
substitute for timothy hay. When the yield of fodder corn and its feeding 

value are compared with that of the timothy hay from a like area, the use- 

fulness and economy of this much neglected forage is apparent. The 
cured corn plant should be much more generally used in America for 

horse feeding than it now is. (294-7) 
That the entire roughage fed farm horses during the winter when at 

light work may advantageously consist of corn stover is shown in a trial 
by Burkett at the New Hampshire Station®® with 2 lots each of two 1225- 
lb. farm horses fed the following rations for 73 days from January to 
April. 

Corn stover vs. timothy hay for horses 

Average Av. work 
Average ration gain per day 

Lbs. Hours 

Lot I, Corn stover, 12 lbs. Corn, 7 lbs. Oats or bran, 7 Ibs... 3 3.4 
Lot II, Timothy hay, 12 lbs. Corn, 7 lbs. Oats orbran,7 lbs... 18 BB) 

37N. D. Bul. 26. Okla. Rpt. 1899. ®N. H. Bul. 82. 
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See the stover- fod horses did a Tittle more work than the others and 

ened: buat sbebtly Toss, ett eorn stover many be roesrded as equal to tin 

otliy tay oun this triad Wath timothy tay tstally setline for 2 tod times 

as mitel as stover, Che great economy of the Litter is apparent, 

DOL, Straw. Straw contains mueh ber and vis mastieation and diges 

hion by tho horse eatl for a targe amount of energy, whiel appears as heat, 

thoreby warning the body tho not prodtietae useful work, (78-80) Be 

enuse ol this, horses dotae little or no work ti winter and taving ample 

time for ehowirne aod digesting there Poed mai often be profitably win 

fored lareoly on brieht straw, What horses are fed eosthy hay ta winter 

Whon straw, corm fodder, or earn stover would prove satistaetory and 

mueh ehoaper, ta Bivope noarhy all rations for horses contin straw, 

those hardest worked receiving the least tne feeding vattie the straws 

rank in the Pollowine orders oat, barley, wheat, rye, the Tastmamed haw 

ing bat sliebt vatiie,  tavny horses should not be wintered tn the barn 

yaupdh one straw and eornm sfover only, without aay erin, Por they will not 

be in eondition to endure Che severe Libor upon the sudden opening up of 

work in the spring, (828-9) 

HO2, Corn stover and straw reduce feed bills. The saving whiel may be 

made them the use of sueh eheap rotughawes as earn stover and stew ap 

place ofa hinge partol the timothy hay, anc oP substitutes Por oats is well 

HMusteatod tna triad by Norton at the Miehioan Station!’ in whieh 2 lots, 

onel of G Parvar horses dotae moderate work, were lod the Tollowimge 

rations for TO weeks ta owinters lot bE was fod oxelusively on high prieed 

timothy tay and oats (with a Teht Pood of bran onee a week), while in 

the vation fod bot TE shredded eorn stover and ont straw wore substituted 
Fora large prartol the timothy tay, and: roots, oar eorn, and a mixture of 

equal paris of bran, dried boot pulp, and tinseed oul eako for most of 

the oats, 

Lessening cost of feed by tse of come stover and stra 

Amount tod Coat of teed 
Woediag aud Priee per ton yer lay por clay 
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/ at ll 

Shredded eorn stover tao 86 
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Timothy bey 00 1.2 
Chrrvots 800 h.4 
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Ornate stood A | 

ood mixture YE ad 3.6 17.7 

During the trial (he horses in bot t, Pod the ration of timothy hay and 

ots, costing 29.6 cents a day, each lost an average of TL tbs, in weight, 

“ Mioh, Wul, 8h, 
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On the other hand those getting the cheaper but well-balanced ration 

gained 14 tha. each at a feed cost of 17.7 cents per day—a saving of 40 
per ct, 

503, Carbonaceous roughages require supplement. should be remem 

bered that hay from the grasses, corn fodder, corn stover, sorghum and 

kafir forages, and straw are all low in protein, Therefore, when these 

roughages are used exclusively, proteimrich concentrates should be fed 

fo balance the ration. This faet, which has already been brought out 

(476), is also shown in other trials by MeCamphell!! in whieh horses fed 

corn and prawie hay only did not thrive as well as others fed eorn and 
outs, or corn, bran, and linseed meal with the praiwic hay, 

IV, Leaumnm TAY 

504, Legume hay.—Vroperly cured hay from the legumes ia usually 
more palatable to horses than other roughage; hence if they are allowed to 

eat af will, there is even greater danger of their consuming an excess than 

with hay from the grasses. Numerous experiments show that to maintain 
the weight of horses it is not necessary to feed as great a weight of the 

legume hays, whieh are more like concentrates in thei nature, hese 

proteimrich hays are admirably suited to balance corn or other concen 

trates low in protein, Ag the legumes are more diffieult to cure than the 

grasses, there is more danger of hay from them being loaded with dust or 

otherwise damaged in quality, The prejudice against legume hay for 

horse feeding, so frequently encountered, is largely due to the fact that 

these rich roughages have been given in excess or that hay of poor quality 

has been used, 

505, Clover hay.-Lecause clover hay is often carelessly made and load- 
ed with dust, thereby tending to produce heaves, it is disliked by many 

horsemen, particularly for feeding roadsters. This objection, however, 
should not apply to clean, properly-cured clover hay, Roberts"? suggests 

that for driving horses clover hay be mixed with bright straw and the mass 

dampened; this forma a satisfactory roughage for all but fast drivers, 

Gay advises the use of mixed clover and timothy hay instead of clover 

alone.” Kor horses at ordinary farm work, clover is often used as the sole 

roughage. ‘Terry,’ the conservative, reliable farmer-writer, kept a me 
dium-weight farm work team for a number of years in prime condition 

solely on well-made clover hay, To compare the value of clover and tim 

othy hay, Obrecht® fed 1 horse in each of 6 teams of 1400-1b, farm 

horses at the Ilinoisa Station clover hay with the grain allowanee shown 

on the next page, while its team mate was fed timothy hay with the same 

grain allowance. After 196 days the rations were reversed and the trial 
continued for 20 weeks. 

“Kan, Bul, 146, “Our Warming, p, 187, 

“The Horse, p. 282, Tl, Bul, 160, 

* Productive Horse Husbandry, 1914, p. 240, 
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Clover us. timothy hay for horses 

E Gainin Daily 
Average ration weight work 

bs. Hours 

Clover-fed horses 
Corn, 6.9 lbs. Oats, 7.3 Ibs. 
Oil meal, 0.46 lb. Bran, 0.61 lb. 

Clovervhays br Gtlbs tal chia ae nls eee est canee ORD 7.3 

Timothy-fed horses 
Corn, 6.8 lbs. Oats, 7.2 lbs. 
Oil meal, 0.53 Ib. Bran, 0.60 lb. 

Timothy hayto-Oulbs este vee ane te. eat 3.0 hee 

Altho most of the teamsters were prejudiced in favor of timothy hay 
at the beginning, they later reported that they could observe no difference 
in the spirit of the horses or their ability to endure hot weather. The 

horses fed clover hay had glossier coats and their bowels were looser, but 
not objectionably so for doing hard work. (347) 

Wilcox and Smith® state that second-crop clover hay is frequently 
accused of causing slobbering. The reason is unknown, but some horse- 
men state that the addition of bran or apples to the ration tends to 
prevent the trouble. 

506. Alfalfa hay.—Because it is cheap and abundant this legume hay 
furnishes the sole roughage for horses upon tens of thousands of farms 

and ranches in the West. With the increasing culture of alfalfa in other 
sections of the country more and more alfalfa hay is likewise being fed to 

horses in these districts. It is therefore important to learn the conditions 

essential to its successful use. When the horse is allowed to gorge on al- 
falfa hay, in addition to having his stomach over-distended with the bulky 

feed he receives an excess of highly nitrogenous material. This must be 

excreted thru the kidneys, overworking them, and even, according to Me- 

Campbell,” leading to a chronic inflammatory condition if excessive feed- 

ing is long continued. The alfalfa allowance for horses should therefore 
be limited, McCampbell advising that those at work receive not more than 
1.2 lbs. per 100 lbs. live weight. The hay should be free from dust, mold, 
and smut, and should not be eut until quite mature, for hay from early- 

cut alfalfa, as commonly advised for cattle, is too ‘‘washy’’ for horses. 

In view of the prejudice among liverymen and owners of driving horses 

against alfalfa, a 140-day trial was conducted by McCampbell®* with ar- 

tillery horses, doing more hard work than the average farm team thruout 
the year, a considerable portion at a trot and no small amount at a gallop. 

The horses in Lot I were fed alfalfa hay with 2 lbs. oats and 8 lbs. corn, 

while those in Lots II and III received prairie or timothy hay, with half 

as much corn and 4 times as much oats. 

° Warmer’s Cyclopedia of Live Stock, 1908, p. 328. 

Kan. Bul. 186. 

8% Kan. Bul. 186. 
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Alfalfa vs. prairie and timothy hay for horses 

oN Av. gain or ae Daily cost of feed 
‘ Initial loss per Nutritive per 1,000 lbs. 

Average ration weight head ratio live wt.* 
Lbs. Lbs. Cents. 

Lot I, 17 horses 
Alfalfa hay, 10 lbs. 

Shelled corn, 8 lbs. 
@ats, 2 Ibs. Ss. -...-. 1,163 25.6 1:5.8 12.95 

Lot II, 74 horses 
Prairie hay, 14 lbs. 

Corn, 4 lbs. 
Oats, Sulboteyecniinee s,« 1,185 —12.9 IL Bt) 18.86 

Lot III, 76 horses 
Timothy hay, 14 lbs. 

Corn, 4 lbs. 
Oates Silbs ys. a: 1,159 == U7 We Oe) 19.21 

*Alfalfa hay, $10; prairie and timothy Haye) $12.50 per ton. Corn $0.55 and 
oats $0.385 per bu. 

The alfalfa-fed horses in Lot I, getting 16 per ct. less grain and 28 per 
et. less hay than the others, showed no shortness of wind, softness, lack of 
endurance, or excessive urination. They gained over 25 lbs. each during 
the trial, while those fed timothy or prairie hay lost in weight. 

Obrecht found at the Illinois Station® that farm horses fed alfalfa hay 
when doing hard work maintained their weight on 20 to 22 per et. less 
erain than others fed timothy hay. Similar favorable results with alfalfa 

hay are reported by Merrill’ (Utah Station), Faville™? (Wyoming Sta- 
tion), and Gramlich”? (Nebraska Station). (339) 

At the Utah Station alfalfa formed the sole roughage for all the work 
and driving horses for 12 years, except during brief periods when they 
were on other experimental fodders. During all that time not a horse was 

lost either directly or indirectly from alfalfa feeding. It was found that 

horses fed timothy hay voided an average of 16 lbs. each of urine daily, 
and those on alfalfa 27 lbs., early-cut alfalfa hay causing a greater ex- 

eretion than late-cut. This increased excretion of urine did not seem to 
injure the horses in any way. 

In the West alfalfa hay, often with straw in unlimited amount, is a 
common maintenance ration for idle horses. Merrill found 20 Ibs. of 
alfalfa hay sufficient to maintain a 1400-lb. horse when not working, while 
Emery” at the Wyoming Station found that 13.8 lbs. of alfalfa hay and 
2.25 lbs. of oat straw would maintain a 1000-lb. idle horse. 

507. Alfalfa meal.—To compare the value of alfalfa meal and bran Me- 
Campbell™ fed 2 lots of 1170-lb. artillery horses as shown in the table 
for 110 days. The data for a third lot of similar horses fed for 140 days 
on uncut alfalfa hay are included for comparison. 

I], Bul. 150. | ” Nebr. Exten. Bul. 28. 
” Utah Bul. 77. 73 Wyo. Rpt. 12. 

a Wyo. Bul. 98. ™ Kan. Bul. 186. 
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Alfalfa meal compared with wheat bran and alfaifa hay 

Daily cost of feed 
; Gain or loss per 1,000 lbs. 

Average ration in weight live wt.* 
Lbs. Cents 

Alfalfa meal, 152 horses 
Oats, 4 Ibs. 
Corn, 6 lbs. 
Alfalfa meal, 4 Ibs. 

Prairie oritimothy hay l4 lbs... 3. wenn... — 2.6 17 .96 
Wheat bran, 151 horses 

Oats, 4 lbs. 
Corn, 6 lbs. 
Bran, 4 lbs. 

Prairie or timothy hay, 14 lbs................ — 0.3 18.78 
Alfalfa hay, 17 horses 

Oats, 2 Ibs. 
Corn, 8 lbs. 

Alfalia hay oLOMDsieke psc. ree eee eet ee +25 .6 12.95 

*Alfalfa meal, $14; alfalfa hay, $10; timothy or prairie hay, $12.50, and bran 
$20 per ton. Corn $0.55 and oats $0.385 per bu. 

For maintaining the weight of the horses a pound of alfalfa meal was 
practically equal to a pound of wheat bran, when fed in a ration contain- 

ing 10 lbs. of corn and oats. MeCampbell states, however, that alfalfa 

meal is dusty and disagreeable to handle. If fed dry this dust irritates 

the air passages of the horse and may cause serious trouble. This objec- 
tion may be overcome by wetting the meal, which should be done immedi- 

ately before feeding to avoid souring or molding, but this involves con- 

siderable time and inconvenience, especially in winter. 
When uneut alfalfa hay constituted the sole roughage the horses main- 

tained their weights better, altho receiving less grain and hay, and the 

ration was less expensive. MeCampbell states that when good quality hay 
is properly fed, little, if any, is wasted, and concludes that alfalfa meal is 

neither desirable nor economical when good alfalfa hay is obtainable. 

508. Cowpea hay.—In a feeding trial at the North Carolina Station 
Burkett” found that cowpea hay combined with corn-and-cob meal made 
a satisfactory work ration, and that cowpea hay with a reasonable quan- 

tity of corn could be substituted for bran and oats. (357) 

V. PASTURE AND OTHER SUCCULENT FEED 

For horses receiving but little exercise succulent feeds are especially 
beneficial on account of their ‘‘cooling’’ and laxative effect. A limited 

amount of succulent feed is often employed thruout the year in Europe 

for work horses and even for drivers. 
509. Pasture—Horses at pasture not only obtain succulent feed, but 

must exercise to secure it. Good pasture will maintain idle horses satis- 

factorily ; for those at hard work pasture without grain is insufficient. Not 

only do the various tame and wild grasses furnish pasture for horses, but 

@N.'C. Bul. 189. 
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as these animals are not subject to bloat, they may graze the legumes as 
well. City horses are often turned on pasture so that their feet may re- 
cover from the ill effects of hard pavements. 

510. Corn silage.—Until the past few years little corn silage has been 
fed to horses and mules, but it is now being fed with success on a large 

number of farms. It is preferable not to feed it as the sole roughage, 
rather using it as a partial substitute for hay. Nourse of the Virginia 

Station’® fed 6 mules and 2 horses during winter on hay, corn, and from 
50 to 200 Ibs. of corn silage per head weekly. The conclusion was that 

corn silage is a good roughage for horses when combined with hay, corn 
stover, and grain. Nourse holds that most of the troubles caused by feed- 
ing silage to horses come from not gradually accustoming the animals to 

this feed, from feeding too heavily, and from not realizing that silage 
often contains much corn. In trials at the North Carolina Station’? Bur- 
kett found that 2 lbs. of silage replaced 1 lb. of clover or oat hay when fed 

in properly balanced rations to horses or mules. As shown in the follow- 
ing chapter (5383), corn silage may be satisfactorily employed in fleshing 

horses for market. Trowbridge of the Missouri Station’ states that ac- 

cording to successful horsemen, good legume hay and corn silage is a 
satisfactory ration for wintering mature in-foal mares. He points 
out that horses at hard work cannot be expected to consume heavy allow- 

ances of silage, on account of its bulky nature. Pearson‘? of the Univer- 
sity of Pennsylvania, investigating an outbreak where 5 horses suddenly 
died, found that moldy silage had been fed. On feeding half a bushel of 
the moldy silage paralysis of the throat occurred, followed by death. 

When water which had percolated thru this moldy silage was given to a 
horse it likewise proved fatal. Wuing*° reports the death of 8 horses from 
eating waste silage thrown into yards from racks where lambs were being 

fed. In view of such remotely possible troubles, silage should be fed to 

horses only where intelligent supervision insures the use of good material 
given in moderation to animals gradually accustomed thereto. (411) 

511. Roots; tubers; fruits—The only importance of roots for horse 

feeding in most sections of this country is as an aid to digestion, for the 
cereals generally furnish nutriment at lower cost. (865) Carrots, es- 

pecially relished by horses, are great favorites with horsemen when cost 

of keep is not considered. They are most helpful when it is necessary to 
earry horses along in high condition, as in stallion importing establish- 
ments. (872) Parsnips rank next in value. (373) In his extensive 
studies of roots for the horse Boussingault found“ that it required 400 
Ibs. of rutabagas (swedes) or somewhat over 350 Ibs. of carrots to re- 
place 100 Ibs. of good meadow hay. (870) 

Boussingault found that artichokes were eaten greedily and with good 

results by horses, about 275 Ibs. of the tubers replacing 100 lbs. of hay. 

7% Va. Bul. 80. *Hxpt. Sta. Rec., 12, p. 886. 

™N. C. Bul. 189. SBreeder’s Gaz., 45, 1904, p. 568. 

®Mo. Cir. 72. Rural Economy, p. 400. 
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(375) Potatoes, according to Pott,S* may be fed raw or cooked in amounts 
as high as 17.5 lbs. per day along with suitable dry feed. Larger quanti- 
ties sometimes cause digestive disturbances. Boussingault states that 280 
lbs. of cooked potatoes mixed with cut straw replaced 100 lbs of hay. (874) 

As horses are usually fond of fresh fruit it may sometimes be profitably 

fed in moderate allowance when there is no market for it. Dried fruits, 
slightly injured and thereby unsalable, have been successfully fed to 
horses. (384) 

512. Wet beet pulp—Wet beet pulp is unsuited for work horses, ac- 
cording to Pott,*? altho it may be fed to idle horses at the rate of 22 to 44 

Ibs. per head daily. Larger quantities are said to be injurious. Clark** of 
the Utah Station reports that colts were allowed constant access to pulp 
at a sugar beet factory for several years without trouble arising. He fed 
as much as 20 lbs. of fermented pulp daily to work horses without injury, 
altho in later trials horses took to the pulp reluctantly and their appetite 
gradually decreased. 

VI. Cost oF KEEP 

513. Feed consumed yearly.—Only a limited amount of data are avail- 

able relating to the total annual feed consumption of horses. During 2 
years Burkett at the New Hampshire Station*®’ recorded all feed eaten, 
water drank, and hours of work performed by 5 farm horses, averaging 
1,230 Ibs. They worked on the average 2,146 hours a year, or about 7 

hours for each working day—a large aggregate for farm horses. The fol- 
lowing table shows the amount and cost of the feed consumed annually 

per horse: 

Feed consumed annually by the horse 
Yearly consumption Cost of 

per horse feed 
Lbs. Dollars 

Concentrates 
Oats. 36 cents per DUtssi0s 5 oc: Raed os wa eee 1,004 11.30 
Com S16 per, tonsa isa ceo eta ste moeces 2,557 20 .46 
Wheat: bran: S17 per tom 34505 Grice oh geota sue een 1,071 9.10 
Gluten feed; $18 per tom:..05 5.05.3... 5 42% «- le 1.38 
Tinseed'meal’-$28 per tomkis. 20. aes 2 one 144 2.02 
Cottonseed meal, $26:per ton... < 9.4. .6.4+5+..5: 23 .29 

Woraleconcentratesi. eee een see ee 4,952 44.55 
Roughages 
Timothy hay, $16) per tO. 2.46) ns yey le peed 3,654 29 .23 
Corn Stover; $5 Per bON nc an i. geo ues secs 219 200 

Totalsrouchages...' 6d ee 4 Lae See ee eat 3,873 29 .78 
Total Feeds Wisc ide cade thie es Sak odie een 8,825 74.33 
W ater: Granltic..o chests. oie wig la ange Sateheeee ete 27,992 

Each horse consumed 4,952 Ibs. of concentrates and 3,873 lbs. of rough- 
age per year, or about 13.6 lbs. of concentrates and 10.6 lbs. of roughage 
per day. The water drank averaged nearly 80 lbs. per head daily. With 

82Handb. Ernihr. u. Futter., II, 1907, p. 368. ’*Utah Bul. 101. 

8Handb. Ernihr. u. Futter., III, 1909, p. 299. 2N. He Bul oe. 
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feeds at the prices given, the keep of each horse cost $74.33 per year, or 
3.4 cents for each hour of work. 

Grisdale of the Ottawa Experimental Farms** reports that each of the 
19 station horses consumed during a year an average of 6,225 lbs. of meal 
or grain and 5,500 lbs. of hay. The average cost of feed per horse was 
$99.80 per year, or 27.3 cents per day. It may therefore be held that a 
1200 to 1400-lb. work horse will consume from 2.5 to 3 tons of concen- 
trates—erain, meal, ete—and from 2 to 3 tons of roughage—hay, straw, 

ete.—annually. 

“Ottawa Expt. Farms, Rpt. 1902. 



CHAPTER XX 

FEEDING AND CARING FOR THE HORSE 

With the brief bill of fare usually adopted for the horse the adminis- 
tration of feed would seem a simple matter. It is, however, far from such. 

Given two grooms with similar conditions as to horses to be eared for, 
work performed, and feed bins to draw from, widely different results are 

shown. In one case the team emerges from the stable with an action and 

style which at once announces it in the best of condition. In the other 
the lagging step, dull eye, and rough coat tell better than words the lack 

of judgment in feeding and management. The unsatisfactory condition 

has not necessarily been brought about by any saving at the feed bin 

and hay mow. Indeed, the poorer groom usually makes the more fre- 

quent requests for supplies. The indescribable qualities which, rightly 
commingled, mark the good feeder, cannot be acquired from lectures or 

books, but must, in a large measure, be born in the horseman. Study and 

observation will add to the ability of the alert feeder, but all that may be 

written will not make an adept of one who does not take to the work 

naturally. 
No one can study the practices of successful horsemen without being 

strongly impressed with the fact that there are several ways of reaching 
the desired end of high finish and fine action with the horse. The skill of 

the ‘‘artist’’ horse feeder enters, along with the food he supplies, into 
the very life of the creature he manages. If the reader finds the counsel 
here given on feed and management not entirely to his satisfaction, let 
him remember that we have chosen a rational and generally applicable 
course, conceding that good results may also be obtained by following 

other systems. 

I. Tue Broop Marg, Foau, AND GROWING HORSE 

514. Feed and care of brood mare.—It has been estimated that only 60 

per ct. of the mares that are bred each year produce living colts." Yet 

the greater part of this enormous loss can be prevented by proper feed, 

care, and management of the brood mare. Idleness, the bane of horse 

breeding, should be avoided. (111) Working mares are more certain of 

bringing good foals than idle ones, but judgment must always be used 

in working them. Pulling too hard, backing heavy loads, wading thru 

deep mud, or other over-exertion must be avoided. When not working, 

the mare should be turned out daily for exercise. As foaling time ap- 

1McCampbell, Kan. Bul. 186. 
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proaches, the work should be lightened, and preferably discontinued 3 
days to a week before foaling, altho in many instances mares have been 
worked up to the day of foaling without harm.? When laid off, she should 

not stand in the stall without exercise. A roomy, well-lighted, well- 
ventilated box stall with wide doorway and ample bedding is none too 
good at such times. Mares heavy in foal are apt to be cross and quarrel- 
some, but they should always be handled gently. 

The feeding of the working brood mare is easier than that of the idle 
one. The essentials are a well-balanced ration of good feeds, containing a 

liberal supply of protein, lime, and phosphorus. An abundance of these 
is especially needed by immature pregnant mares and pregnant mares 
which are suckling foals, since in addition to the demand from the de- 
veloping fetus there is the draft for the growing body of the mother in 
the one case, and for milk secretion in the other. (113, 120, 150) All feeds 
should be free from dust, mold, or decay, which might cause abortion. 

Mares used only for breeding purposes do well without grain when on 
nutritious pasture. With insufficient pasture and in winter some grain 
should be given. The feed should not be concentrated in character, but 
should have considerable bulk or volume. The bowels should be kept act- 
ive thru a proper combination of such feeds as bran, linseed meal, 
roots, ete. 

515. Gestation period and foaling time.—The average period of gesta- 
tion for the mare is about 11 months, or 340 days, tho it may vary quite 
widely. William Russell Allen of Allen Farm,* Pittsfield, Massachusetts, 
from records of 1,071 foals produced by trotting mares during 15 years, 
found the maximum gestation period 373, the minimum 319, and the 
average 340 days. A wider range was observed by Tessier,* who reports 
that the shortest gestation period of 582 mares was 287, the longest 419, 
and the average, 330 days. 

Only the quick-maturing draft filly should under any circumstances be 
bred as a 2-year-old; all others when past 3 years. If the desire is to 
improve the strain of horses, one should not attempt to breed even the 
draft filly at 2 years of age, but when market draft horses are wanted it 
may prove economical and will not injure the filly to any noticeable de- 
gree if she is well-grown for her age and is properly fed and eared for. 

Shortly before foaling the grain allowance should be decreased and 
laxative food more freely used, since it is advisable to keep the bowels 

somewhat loose rather than otherwise. When wax forms on the mare’s 
teats, or dugs, the foal may be expected in 3 to 4 days. To avoid infection 
which may cause navel and joint disease, the stall should be thoroly dis- 
infected before the foal is born. Alexander® advises removing all litter, 
scraping the floor, and scrubbing it and the walls with a good disinfect- 
ant. The ceiling should be cleaned, and freshly made whitewash, to each 

gallon of which has been added one-third pound of chlorid of lime, applied 

* Harper, Management and Breeding of Horses, p. 284. 

-® Catalog, 1905. ‘Farmers’ Cyc., Johnson, p. 562. > Wis. Cir. 13. 



322 FEEDS AND FEEDING 

to both walls and ceiling. The floor should be covered with fresh, clean 
straw, as free as possible from chaff and dust, and all manure removed 
as soon as dropped. 

As foaling time approaches, the mare should be watched so as to render 
assistance, if necessary, yet she must not know that anyone is on guard, 
for often a mare will not give birth to her foal when persons are present, 
if she ean delay it. The mare should be given a half bucket of water be- 
fore foaling, and when on her feet again she will need a drink of water 
or, better, of gruel made from half a pound of fine oatmeal in half a bucket 
of lukewarm water. A light feed of bran is good for the first meal, and 
this may be followed by oats, or by equal parts, by bulk, of corn and bran. 

After foaling the mare should be confined for a few days, her ration being 

simple and not too abundant. With favorable conditions, after 4 or 5 days 
she may be turned to pasture, and in about 2 weeks, or even before if 
work is urgent and the mare has fully recovered, she may go back to ight 

work, for a part of the day at least. 
516. Fall foaling.—Altho the natural and customary foaling time is in 

the spring, where the mare must do a hard season’s work or when she 
does not get in foal from spring service she may be bred to foal in the fall. 

517. The foal.—lIt is of the highest importance in horse rearing that the 
foal start life in full health and vigor, and to this end it should, im- 
mediately after birth, take a good draft of the colostrum, or first milk, of 
the dam, which possesses regulating properties that tend to relieve the 

alimentary tract of fecal matter collected therein before birth. (115) If 
this result is not accomplished naturally, a gentle purgative of castor oil 

or a rectal injection is necessary. On account of the great danger from 
navel and joint disease the navel cord should receive attention immedi- 
ately after birth, and the stump be carefully disinfected. To prevent 
germ infection of the intestinal tract of the foal, which causes scours, it 
is well to wash the udder of the mare with a lukewarm 2 per ct. solution 
of eoal-tar disinfectant and then rinse it off with warm water before al- 
lowing the foal its first meal. The tail and hind parts of the mare should 

likewise be washed once a day for the first week. 

Some dams, more frequently those with their first foal and those too 

hard-worked, fail to supply the proper amount of nourishment, and the 

young languish. In such eases the mare should be provided with food 
which will stimulate the milk flow. Good pasture grass is, of course, the 
best, but in its absence concentrates should be given in the shape of oats. 

rolled barley, wheat bran, ete., with an equal weight of corn. Sometimes 

the foal suffers from an over-supply of nourishment, or because the milk 

is too rich, and the indigestion resulting may terminate in diarrhea. In 

such eases the dam’s ration should be reduced and some of her milk 

drawn, remembering always that the last portion carries the most fat. 

which is usually the disturbing element. 

518. Weight and gains of foals—Allen® found from the records for 

1,071 trotting-bred foals that the weight of the filles at birth ranged from 

* Allen Farm Catalog, 1905. 
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74 to 144 lbs., averaging 109 lbs., while the males weighed from 66 to 152 

Ibs., averaging 111 lbs. The average birth weight was 110 lbs. During 
the first year they gained 534 lbs., or nearly 5 times their birth weight. 

For the second year the average gain was 264 lbs., the third, 118 Ibs., and 
the fourth, 76 lbs., bringing the total at the end of 4 full years up to 1,102 
lbs. These colts made more than half their growth during the first year 
of their life. 

Data on the gains of 35 draft colts, from high-grade or pure-bred mares 
averaging 1,700 Ibs. and sired by stallions averaging nearly 2,000 Ibs., 
have been compiled by the Breeder’s Gazette.’ The birth weights of the 
foals were not reported, but the weights and gains after the first month 
were as follows: 

Weights and gains of draft foals from birth to two years 
Period Wt. at end Daily gain Period Wt. at end Daily gain 

bs. Lbs. Lbs. Lbs. 

Birth—1 mo....... 345 core 6— 7 months. . 890 20 
1—2 months...... 465 4.0 7— 8 months... 960 Dik 
2—3 months...... 570 ono 8—10 months.. 1,085 YM 
3—4 months...... 675 3.0 10—12 months.. 1,170 1.4 
4—5 months...... 760 2.8 12—18 months.. 1,445 ily fa 
5—6 months...... 830 2.3 18—24 months.. 1,590 0.8 

These colts were well fed with the intention of making them as large as 
their parents. Some were given grain and cow’s milk before weaning, 
while others had only hay and good pasture until after weaning. The 
figures show that at 12 months a well-fed draft colt weighs more than half 
as much, and at 24 months about three-fourths as much as at maturity. 

The daily gains were by far the largest before weaning and gradually de- 
ereased as the colts matured. If the foal is to reach full development it 
must not be stunted during the first year of its life. 

519. Feeding the foal.—By placing the feed box low, when 3 or 4 weeks 
old the foal will begin nibbling from the mother’s supply and will soon 
aequire a taste for grain. The earlier the foals so learn to eat, the more 
independent they become, and the mare will then be able to do more work. 
Crushed oats or oatmeal, with bran, are excellent feeds, as is a mixture of 

4 parts of crushed corn, 3 of bran, and 1 of linseed meal. Colts should be 

given good clover, alfalfa, or other legume hay as soon as they will eat it, 
and all the clean, pure water they want. Watchfulness should always 
detect the first appearance of ailment. Diarrhea brought on by over- 
feeding or exposure must be checked by giving parched flour, rice-meal 
gruel, or boiled milk; and constipation, the other common evil, may be 

relieved by eastor oil and injections of warm water, flaxseed tea, sweet 
oil, ete., administered preferably with a fountain syringe having a small 

hard rubber nozzle. Harm may be done by injecting a large quantity of 
strong soapy warm water with an ordinary “‘horse’’ syringe. In all cases 

of derangement the food for both dam and foal should at once be lessened, 
since nothing aids nature more at such times than reducing the work of 

the digestive tract. 

7Breeder’s Gaz., 59, 1911, p. 1228. 
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When the mare is worked, the colt should be left in a cool, dari stall 
during the day, where he will bo sate and not be bothered by flies, rather 
than allowed to follow the dam about the field, The mare should be 
brought to the barn to suekle the eolt in the middle of the forenoon and 

afternoon, ‘he colt should not be allowed to drain the udder when burst- 
ing Tullot hot milk, as indigestion and scours are apt te tollew, Allow the 
mie fo cool of, and perhaps draw some of the mille by hand before tien- 

ine her into the stall with the foal Brood mares at work and nursing 

strong foals should be heavily fed to sustain a good milk flaw. Tf the 

mare is worked during the day it is well to turn both dam and foal 

onto grass pasture at night, and in addition feed a Lberal allowance of 
eran, (150) 

When dams and foals are moning at pastare, a creep should be con- 
atrneted whereby the foals can have access to a separate supply of grain, 

Bild a pen in the pasture near where the horses are inelined to loiter, 

making if so high that the mares will not trey to jump it, and with sat 

ficient space from the @round to the bottom vail to allow the foals to pass 
wonder, Putin a handy gate or bars, then an ample feed trough, After 

the mares and foals have eaten together within the pen a fow times, the 
foals will visit the place regularly after their dams are shut ont, To in- 

dhiee the dams to loiter about, if is well to keep a large imp of roek salt 

near by and occasionally give a feod of oats at the pen, It thes torture the 
foal, it is better to keep the mare and foal in a darkened stall during the 
day and turn to paste only at might, 

520, Mare’s milk,—Mare’s mill is white or blaish in color with an aro. 
matic, sweetish, slightly bitter taste, As the following table* shows, it is 

more watery than average cow's milk, and while if contains more sngar, 
it in decidedly poorer in casein, albumin, and ash, (115) 

Composition of mare's and cow's math 
Number of Casein and pecifie 
analyses Water albvavin Wat Nusae Ash ST AV IY 

Por ot, Per ot, Por of, Ber ot, Bor of, 

Mares milk... 72 YO AS 9.085 1.14 5 8% O36 t 0847 
Cow's milk... TOS QF 27 $89 YON Ot 0.72 LOSS 

According to Pleishmann,” Tartarian mares sometimes remain in milk 

for 2 vears, producing 440 to 490 Tbs, of milk annually beyond the require- 
ments of their toais, Vieth!® veports that good Russian milling mares, 

when milked 4 times a day, as is the practice, yield 4 to 4 quarts of milk 

claily, 

The foal may be tanght to drink cow's milk by pouring it upon meal, 

The vorng thing readily eats the moistened teed, and by tippimg the pan 

it soon learns to drink the milk, At the Lowa Station'' Wilson and Curtiss 
ray 

*Kinig, Chem, Nahr a, Genussemittel, 1904, Uy pp, GOL, OOS, 

*Lehyb, Milchwittschatt, 1904, p, 68, 

“ Landw, Vers, Stat, 84, 188, p, 844, 

“lowa Bul, 1s, 
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suceossfully fed whole milk, and later separator skim milk to imported 
Percheron, Shire, and irench-Coach weanling fillies shortly after their 

arrival from abroad and while out of condition, In changing from whole 

lo separator skin mill the amount waa reduced for a day or two to pre 

vent scouring, ‘Pon tba, of separator skim mille was found equal to 1 tb, 

of grain, Grattan!’ reports favorably on the use of alcim milk for foals, 

even When the mill is sour or lobbered, MaeNeitlage! objects to the use of 
cow's mill for foals, claiming ‘no better moans of manufacturing wind 

suckers was ever devised, and it is rave that yearlings so brought out 

eount for much as 2eyearmolda and Seyearmolds’’ a timely warning 
againat the too free use of this food, 

521, Raising the orphan,—If the mare dies or has no milk the foal may, 

With proper care, be raised on cow's milk, (265-6) Choose the mille from 

a fresh cow, if possible, and preferably from one @iving mille low in tat, 

To a tablespoontul of sugar add warm water to dissolve, then 8 to 5 table 

spoonfuls of lime water, which tends to correct digestive troubles, and 

enough Fresh milk to make a pint, Moed about one-fourth pint every hour 

for the first few days, alwaya warming to blood heat, A satiataetory 

method of feeding the foal is to Use an ordinary nursing hottle with a 

large nipple, tho, as Johnstone! sueeests, an old teapot may be used, over 

the spout of whieh the thumb of an old kid glove, piereed with holes by a 
darning needle, has been tied, Whatever utensil is used, it should be 

thovoly cleansed and sealded before each meal, Sueh feeding means much 
bother, but many foals have heen killed by negleet of these important de, 

tails, As the foal grows, the amount of mille may be eradually increased, 

the period between feedings lengthened, and whole milk substituted, 

After a few days 6 feedings a day will suffice and later only 4, At 8 to 4 

weeks of age the use of sugar may be stopped but it is well to continue the 

lime water, In 6 or G weeks sweet skim mille may be eradually substi 

tuted for whole milk, and after & months the colt may be given all it will 

drink & times a day, Tf allowed to suck the attendant’s fingers the foal 

Will soon learn to drink from a pail, ‘he bowels should move freely, but 

if scours occur at any time Alexander’ advises giving 2 to 4 tablespoon 

hula of a mixture of sweet oil and pure castor oul shaken up im milk, and 

alopping the feeding of milk for 2 or S meals, allowing instead only 

aweetened warm water with lime water added, At the earhest possible 

age the foal should be fed solid’ food, such as oat meal, erushed oats, corn, 

bran, and a little oil meal and legume hay, Mor exercise let the orphan 

run in a lot or grass paddock, 

522. Weaning,—At from 4 to 6 months of age, depending on conditions, 

the foal should be weaned, When the mare is bred soon after foalhne, or 

if for any reason the dam and foal are not doing well, it is beat to wean 

comparatively early, On the other hand, if the mother has a good mill 

fiow, and her services are not needed, the foal may well be allowed to 

" Hreeder’a Gag, 6, 1884, p, 7H6, “The Horse Look, 

!Tranad, Highl, and Agrl, Soe,, 1890, p, 162, "Wie, Clr, 18, 
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Seekie S mantis Jf the fra] has bees RG Ieeressest Qaaatiies af gram 
as lt Gevelapad, the weaming recess wall aot be Giant, For the qnaziigy 
ef milk eamsnmead will have beem gradmally dearmased. Qanplete spare 
Mem wall them cause Iile, If aay, wihack te etiiher Gam er fal, Im part- 
Ing the dam amd Fpal, Beep tham well eparaiad, eke all wast be deme over 
agama, Wearliegs Shonld be placed im Qaariers Where they eam mat i 
Jere themselves Wile freqiiag far tihetr mnaiihers, Ai Sach ime tihe cra 
male af the mare Shand be redeeed BY she BW Gtied aF, When ihe mater 
hecemes Sp Fall a8 fe caase DAS, Pari, ii mai all, af the mae Showa 

Tha atneation ef the calt Showa mot fe pestpemad wan! Rs wet 
Trea” bi as a Sexveareld, and them atiempt te leg dhe Independent 
animal wader man’s gwidamee all al q@aen, The yea fal Sheela be 
Taaght fe lend af de hatter, Siand tied Im the Sill ama Gamay preper 
Mahe mR. 

388. After weanieg.—We have seem thai the Fea] mates more then half 
MS antie growth Goria the Sri wear, and thai 1f Simeted Gamez Ts 
Tne Sh wR) mever Fly recewer, (GIS) Gend heme and mmaele are af Pea 
iwperiamee WHA dhe horse, and eds whieh tema to Pradere dese Shawld 
be Ghesem, (118-30) Netiteg is Sqpemter te Ninegrass er eiiher greed PRS 
jar aad eats Amore dhe cameemizaien, winced Ihrem, cniiemeeed mal, 

ana Canada SAS peas ate rie im wiinegemaas mation witch ges te hala 

kame hays—alili,, clawan, aampea, aie—are mich In ma, the praia 
mineral eampansnt ef the bora A camiiaation af sack camtemimaies 
and naawhages 28 These Shoal femeish atendast bore and moses 
imz material, Wher prererty belamred ly miiragemans eds, comm, er 
lex, Eats mila ar emer may be aed a8 Patt ef dhe tae, When a 
large amnenis af atin hay, colts well relish a tk Gaby er PE 
hay, Staw, ot eam Sadie avail, H masteem growth ib deed 
3 wlll de maressaaw to ed some grade ayen an gad Paar, The paz 

Rerse Whieh is mat Gevelaping dhe Braper Steleigm may be 223 sistas 

aapeccally ich Se pheapheras and Lima, each as 2 er 3 oars Gay af 

qaniage comisining gramad bama, ar] emare Galiy ef gramnd hana, grand 

mek Dhayhate (Grats), ar precipitated calcium Bhayphere, These ree 

qmmemdates am fesed an the mamks chained wh aie Earm a 

mas, Taierimeately them aze mp Gaiiite espemimeans wah hares ® 

Tm the case af Dighgrade and peared Gait Rak HW aqpemally 

meessazy Ghat the sappy af Red be Brewal, Fer the peice af the Gra 

ere Gapemds Ieegely am the Sze attained Coelhe! and Severn Ba 

z let af 20 Geek eats Goring 2 winiers and he eerie Se 

Shown Se the RUlawing igh The grain fd Geez mes of tie ial was 

a mista of Sar $ parts of Shelled comm, 3 af ganas, 2 af brew, and 1 af Be 

*Penm, Sal, 2. 

| 
| 
| 
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seed meal. On account of limited pasture an unusually large allowance 
of grain was necessary during the summer. 

Feed eaten and gains made by draft foals 
Average ration Total gain Daily gain 

Lbs. 3. 
First winter, 168 days 

Grain mixture, 5.8 lbs. 
Hay 10.6-13.1 Ibs.; or corn silage 8.2 lbs. and hay 

Roel OF RRR IRR Arc tone au Co caer to nt ES Or a 244 1.45 
Summer, 196 days 

Grain, 6.7 lbs. 
Hay, 6.0 lbs. 
BAS GUTG si acicehun sianieeerombate cia cawdads co cikaguitaudeeidak 264 1.34 

Second winter, 168 days 
Grain, 9.2 Ibs. 

LGlant salty lS) oy at ise see ML naa et ae ee ee eee 219 1.30 

In this trial no effort was made to secure extreme weight, the colts be- 
ing merely kept in good growing condition. It will be noted that the 

gains gradually decreased as the colts approached maturity. The aver- 

age cost of feed was $53.97 per head for the first year after weaning, or 
$92.96 during the entire 18 months. 

524. Substitutes for oats.—To determine the value of a mixture of 14 

parts corn, 5 of bran, and 1 of linseed meal as a substitute for oats, Me- 
Campbell"’ of the Kansas Station fed 2 lots of high-grade draft colts as 
shown below for an entire year, beginning in January of their first year. 

The cost figure includes feed, labor, and veterinary service for a year. 

Substitutes for oats in feeding colts 
Feed per colt during year Total gain Daily gain Cost per colt 

bs. Lbs. Dollars 

Lot I, 8 colts 
Oats, 2,820 Ibs. 

Alfalfa hay, 2,625 Ibs. 
Corn stover, 528 lbs. 
Straw, 183 lbs. 
Rasture dunincsummensn see eral 459 i PAL/ 68 .78 

Lot II, 10 colts 
Grain mixture, 2,828 lbs. 

Alfalfa hay, 2,625 Ibs. 
Corn stover, 528 lbs. 
Straw, 183 lbs. 
Pasture during summer................ 496 1.38 62 .22 

The colts in Lot II made larger gains and at a lower cost, showing that 
the grain mixture used was entirely satisfactory as a substitute for oats, 

as well as less expensive. (474) During the summer it was necessary to 
feed more grain than usual on account of scant pasture. 

That colts may make fair gains when fed no grain after the first arnter 
is shown in a trial by Synder’’ of the North Platte Station, Nebraska, in 

which 3 lots of foals were fed for 3 years after weaning. The colts were 
fed as shown in the table, all receiving grain during the first winter only, 
when 4 Ibs. per head daily was fed. 

“Information to the authors. ** Nebr. Bul. 130. 



328 KEEDS AND FREDING 

Rearing colls with bat little grain 

Avorago gin Winal wh, 
Lba, Lbs, 

Alfalfa hay in winter, alfalfa pasture in summer. oo... G78 1268 
Alfalfa hay in winter, native pasture in summer APA Ol 1,228 
Prairie and sorghum hay in winter, native pasture in 

| 000s 00(c) GARR estrare WitGrecer ote eterna aera Gres preheat ar aren irra i irk DAO 1,158 

The colts fed alfalfa hay in winter and grazed on alfalfa pasture in 

summer made the largest @ains. Snyder eoneludes that with plenty of 

native pasture available, it did not pay under his conditions to pasture 

the alfalfa in summer. Tlowever, it paid to feed alfalfa hay in winter 

rather than prairie and sorghum hay. (506) 
525. Forcing draft foals.— During 2 winters Muller!’ fed a total of 11 

pure-bred draft foals at the Wisconsin Station for periods ranging from 

140 to 228 days all they would eat of a mixture of @round oats 60, corn 

meal 15, bran 10, and eut alfalfa hay 15 per et. At the beginning of the 

first trial unett allalla hay was offered in addition, but very little was 

constumed. The foals ate on the average 16.5 Tbs. a day of this mixture and 

made gains averaging 2.1 Ths. per day. On this ration they weighed 

from 1000 to 1200 Ibs. at the age of a year, with an estimated cost of 

£51.66 for feed for the entire year. Sueh heavy feeding of eran as this 

will usually prove profitable only in the ease of high-grade or pure-bred 

foals, 
526. Cost of raising horses. The average total cost of raising colts on 

farms to the age of 3 years, according to estimates reeerved from over 

10,000 farmers in various sections of the United States by the Bureau of 

Statisties, United States Department of Agriculture,’ is $104.06. TP we 

deduet the value of the work done by the average colt before his third 

year, the net cost is £96.54, or 70.9 per et. of the estimated selling price, 

£186.17. The eost in cue states varied from $69.50 for New Mexico 

and $71.59 for Wyoming, t » H1A9.98 for Connecticut and $156.60 for 

Rhode Island. The average ¢ ee is distributed as follows : 

Cost of raising colts to 3 years of age 
Wirah your Sooond your ‘Chird your Total cost 
Dollara Dollars Dollars Dollara 

Servico fee... .. ie cnint 2.95 Tonic sess 2.95 

Time lost by brood 1 Ae, arate 10.06 a oo 10.06 

Broaking to halter, oo... 2.22 eo Ay ae 2.22 

Care and shelter re 1.98 5.36 6.85 16.69 

Cost of grain fed... ae a 4.98 7.14 956 21.68 

Cost of hay fed, Ld 6.61 8 48 19 28 

Cost of pasture, . ete tneltn 2.56 5.41 6.2 14.18 

Voterimary and miscellancous Tanks rote Steuart are 7.05 

HlLOd OG 

It is shown that about 54 per et. of the total cost of raising the 8-year- 

old was for feed and 16 per et. for eare and shelter, 

"Wis. Bul. 240. “Gay, Productive Horse Husbandry. 
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Il. THe Sraciion 

527. Importance of exercise.—In the care of the stallion nothing go vital 
to his well being is more generally neglected than proper exercise, (111) 
Often his time is spent in idleness, in a poorly-ventilated box stall, away 
from his kind. Under such conditions it is no wonder that he may con- 
tract vices, become unruly or even vicious, and get only a small per cent of 
colts. The best exercise is honest work, and there is no better advertise- 
ment of a stallion than letting him be seen at work on the farm or road. 

Even during the breeding season a half day’s work each day is benefi- 

cial, Manifestly, judgment must be used in accustoming ‘‘soft’’ stallions 
to continued hard work. When real work is impossible he should be 
exercised on the road each day. The draft horse under ordinary cireum- 
stances should travel at least 5 miles a day, while the light horse may jog 
and trot 6 miles or more. 

528. Feeding the stallion.—The ration of the stallion should consist of 
first class, wholesome feeds, supplying ample protein and mineral matter 

for thrift and vigor. he choice of feeding stuffs will depend on the 
particular locality, the same principles applying as in the case of the 
work horse. A few combinations given by McCampbell” ag satisfactory 
in practice may prove suggestive. 

1. Oats; timothy or prairie hay. 
2. Oats, 4; corn, 6; and bran, 3 parts by weight; timothy or prairie 

3. Oats, 4; corn, 6; linseed meal, 1 part; timothy or prairie hay. 
4, Corn, 7; bran, 3; linseed meal, 1 part; timothy or prairie hay. 
5. Corn; alfalfa hay 1/3 and prairie hay 2/3, 

No specific directions can be given as to the total amount of feed re- 
quired, since this depends on the exercise the animal gets and whether he 
is a “‘hard’’ or ‘‘easy’’ keeper. <A safe rule is to keep the stallion in 
good flesh, but not “hog fat,’’ for this will injure his breeding powers. 
Most horsemen advise that in the breeding seagon he he kept gaining just 
a bit, rather than allowed to run down in flesh. While some recommend 
feeding % times a day, 4 is preferred by others. In either cage no more 

should be fed than will be promptly cleaned up. 
529. General hints.—On the care of the stallion Sanders” writes, 

** Anything that adds togthe health, strength, and vigor of the horse will 

increase his virility or sexual power, simply because the sexual organs 
will partake of the general tone of the system; and on the contrary, what- 
ever tends to impair the health and vigor of the general system will have 

a deleterious effect upon the sexual organs.’’ The stall should be kept 
clean, well lighted, and well ventilated. As a horse likes companionship, 
it is well to have the stallion’s stall near those of other horses. He should 
be regularly and thoroly groomed and frequent attention should he given 

his feet. The idea that drugs, nostrums, or stock foods are necessary to 

* Kan. Bul, 186. “Horse Breeding, pp. 144-146, 
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increase the ability of the horse to get foals is sheer nonsense. The most 

successful grooms utilize only good food, carefully and regularly ad- 
ministered. 

It is important to conserve the energies of the stallion by regulation of 

the services, as many horses are otherwise injured. No definite rule can, 

however, be given, as the number of mares that can be bred will depend 
on many factors. 

ITI. WorK Horse anp MULE; FATTENING AND Firtinae Drarr Horses 

530. The work horse.—Under favorable conditions the regularity in 
work, feeding, and rest brings comfort and long years of usefulness to 
the work horse. The general principles which govern the production of 
work by the horse, the factors influencing his efficiency as a machine for 
work, and the various feeds employed for his maintenance have been dis- 
cussed in detail in the preceding chapters. The ration to be fed will de- 
pend upon the size of the animal and the nature and severity of the 
work, as has been shown before. (450-6) As arule from 10 to 18 lbs. of 

concentrates should be fed daily, the total allowance of grain and hay 
ranging from 2 to 3 lbs. per 100 lbs. of horse. The ratio of concentrates 
to roughage will be governed by the severity of the work. (457) The 
morning meal should be comparatively light, and mostly grain. From 

half to two-thirds of the concentrates should be fed with a peck of mois- 
tened chaffed hay at this time. The mid-day meal is sometimes omitted, 
especially with horses on the street all day, tho most horsemen hold that 
some grain should be given then. Most of the roughage should be fed at 
night. (492) On idle days the concentrate allowance should always be 
decreased. There is no more common error in the management of horses 
than on this point. Girard** found that when hard-worked horses getting 
19 quarts of oats with 14 Ibs. of hay and straw without limit were stopped 
from work for 3 days and fed the same ration, paralysis, resulting in 

death, would often occur. By reducing the ration during idle days to 6 

quarts of oats at noon and 6 quarts of bran mash both night and morning, 

with roughage as before, the trouble ceased. 

On coming to the stable at noon, the work horse should have a drink 

of fresh, cool water, care being taken, if he is warm, that he does not 

drink too rapidly or too much. Before going to work he should be water- 

ed again. (463-4) The harness should be removed so he can eat his meal 

in comfort and rest easily. If possible, an hour should be given for the 

mid-day meal. When the horse comes in after the day’s labor, after 

giving him a drink, unharness at once, and when the sweat has dried 

brush him well. (468-70) 

Many rations successfully fed to work horses have been given and dis- 

cussed in Chapter XIX, but it will also be suggestive to study the fol- 

lowing rations which have been employed with good results in different 

parts of the country. 

2Tangworthy, U.S. Dept. Agr., Office of Expt. Sta., Bul. 125, 
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Rations for various classes of work horses * 

Omnibus horses 

Paris, France, wt. 1240 lbs. 
Corn, 10.8 lbs. 
Oats, 8 .1 lbs. 

Hay, 8.7 lbs. 
Straw, 8 .2 lbs. 

Fire company horses 

Boston, Mass., wt. 1400 lbs. 
Ground grain, 9 .4 lbs. 

Hay, 18.0 lbs. 

Chicago, Ill., wt. 1350 lbs. 
Oats, 4.0 lbs. 

Hay, 15.0 lbs. 

St. Louis, Mo., wt. 1350 lbs. 
Oats, 10.0 lbs. 
Bran, 2.5 lbs. 

Hay, 7.0 lbs. 

New York, N. Y., wt. 1350 lbs. 
Oats, 12.0 lbs. 

Hay, 9.0 lbs. 

Express horses 

Richmond, Va., summer, wt. 1400 lbs. 
Corn, 4.7 lbs. 
Oats, 5.3 lbs. 
Bran, 0.8 lb. 
Corn meal, 4.2 lbs. 

Hay, 15.0 lbs. 

Richmond, Va., winter, wt. 1400 lbs. 
Corn, 4.4 lbs. 
Oats, 7 .5 lbs. 
Bran, 0.8 lb. 
Corn meal, 0.2 lb. 

Hay, 16.0 lbs. 

Jersey City, N. J., wt. 1325 lbs. 
Corn, 2.0 lbs. 
Oats, 19.0 lbs. 
Bran, 1.5 lbs. 

Hay, 9.5 lbs. 

Boston, Mass., wt. 1325 lbs. 
Corn, 12.0 lbs. 
Oats, 5.3 Ibs. 

Hay, 20.0 lbs. 

Cab horses 

New York, N. Y., wt. 1200 lbs. 
Oats, 14.0 lbs. 

Hay, 10.0 lbs. 

Washington, D. C., wt. 1200 Ibs. 
Oats, 10.0 lbs. 
Corn, 5.0 lbs. 

Hay, 23.0 lbs. 

Cab horses, cont. 

San Francisco, Cal., wt. 1350 lbs. 
Oats, 8.0 Ibs. 

Hay, 16.0 lbs. 

Horses at severe work 

Chicago, Ill., daily, wt. 1500 lbs. 
Oats, 7.5 Ibs. 

Hay, 20.0 lbs. 

Chicago, Ill., holiday, wt. 1500 lbs. 
Oats, 2.0 Ibs. 
Bran, 2.5 lbs. 
Oil meal, 0.2 Ib. 

Hay, 20.0 lbs. 

South Omaha, Nebr., wt. 1500 lbs. 
Oats, 15.0 lbs. 

Hay, 12.0 lbs. 

New York. N. Y., wt. 1600 lbs. 
Oats, 23.0 lbs. 

Hay, 12.0 lbs. 

Washington, D. C., summer, wt. 1600 lbs. 
Oats, 19.0 lbs. 

Hay, 13.0 lbs. 

Washington, D. C., winter, wt. 1600 lbs. 
Oats, 12 .5 lbs. 
Corn, 6.8 lbs. 
Mixture—bran 2, corn meal 1.6, cut 

hay 4 parts—4 lbs. 
Hay, 10.0 lbs.. 

Farm horses, Stations 

New Hampshire, wt. 1235 lbs. 
Bran, 2.0 lbs. 
Corn, 6.0 lbs. 
Gluten meal, 6.0 lbs. 

Hay, 10.0 lbs. 

Massachusetts, wt. 1100 lbs. 
Oats, 3 .3 Ibs. 
Crushed corn, 2.7 lbs. 
Provender, 6.0 lbs. 
Wheat bran, 2.0 lbs. 

Hay, 18.0 lbs. 

New Jersey, wt. 1150 lbs. 
Corn meal, 6.3 Ibs. 
Dried brewers’ grains, 6 .2 lbs. 

Hay, 8.0 lbs. 

Utah, wt. 1120 lbs. 
Bran and shorts (1:1), 12.6 lbs. 

Alfalfa hay, 16.0 lbs. 

Utah, wt. 1230 Ibs. 
Oats, 12.0 Ibs. 
Timothy hay, 13.0 lbs. - 

*Collected by Langworthy and preserved in “A Digest of Recent Experiments 
on Horse Feeding,” U. S. Dept. Agr., 1903, Office Expt. Sta., Bul. 125. 
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531. Wintering the farm horse.—It has already been shown that the 
farm horse when idle during the winter may be economically wintered 

wholly, or in part, on roughages. (448) Rather than keep the idle horse 
too closely confined at such times it is preferable to turn him out daily 

into a lot, protected from the wind. (466) At shedding time, feed some 

grain even if the horses are idle. Light grain feeding, together with 

light work, should begin a few weeks before the spring work starts, for 

horses are soft after a winter of idleness. 

532. The mule.—It is often stated that mules require less feed than 

horses to do a given amount of work. Riley** concludes, from long expe- 
rience with thousands of army mules, that there is no foundation for this 

statement. At 3 years of age, when shedding his milk teeth, the mule is 

especially susceptible to digestive disorders. However, he is an excellent 
feeder, as a rule being more sensible in eating and less likely to gorge 

himself with feed than the horse, and henee less subject to colic or foun- 

der. Indeed, mules are often fed at troughs, like cattle, and allowed to 

eat all they desire. The mule is not fastidious in his taste and consumes 

roughages which the horse will refuse. He also endures hot weather 
better, and because of the peculiar shape of the foot and its thick, strong 

wall and sole is less subject than the horse to foot lameness. However, 
the lack of weight and the small size of his foot somewhat unfit the mule 

for heavy draft in the city, as he does not get a good hold on the pave- 

ments. 

Tho the mule will endure more neglect than the horse, good care and 

feed will prove profitable. For feeding the mule the same feeds are 
available as in the ease of the horse, and the same principles apply in 

suiting the feed to the size of the animal and the severity of the work 
performed. 

533. Feeds for fattening horses—As the markets demand draft 
horses in high flesh, in certain districts their fattening has become an 
important industry. The horses are usually purchased in the fall after 
farm work is over and gradually accustomed to a heavy grain ration, 
getting all they will clean up when on full feed. At this time some of the 
heaviest feeders will consume nearly twice as much as when at hard work, 

or about 2 Ibs. of grain for every 100 Ibs. live weight. The feeds utilized 

are usually corn, oats, and clover or alfalfa hay. 

With 3 expert horse dealers for counsel, Obrecht” fattened 13 eastern 
‘“‘chunks’’ at the Illinois Station to determine the relative value of corn 
and oats and of clover and timothy hay, obtaining the results shown in 

the following table, in the test which lasted 84 days. Lot I was fed a mix- 

ture of corn, wheat bran, and oats and Lot II a mixture of corn, oats, 
bran, and oil meal, both being fed clover hay. Lot III was fed the same 

concentrate mixture as Lot II, but with timothy hay. 

2 Warmer’s Cyclopedia of Live Stock, 1908, p. 346. 

2571]. Bul. 141. 
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Rations for fleshing horses for market 

"| |) Feed for 100 lbs, gain Soul 
Average ration Daily gain | Total gain SRR eee: es ate 

Lot I, & horses x aah We Lbs. ca te Lbs. Cents Cents 

Corn, 17.7 lbs. 
Wheat bran, 2.4 lbs. 
Oil meal, 0.4 lb. 

Clover hay, 13 .9 lbs. 250 192 894 607 13.9 26 .6 

Lot II, 4 horses 
Corn, 8.6 lbs. 
Oats, 8.6 Ibs. 
Wheat bran, 2.4 lbs. 
Oil meal, 0.4 Ib. 

Clover hay, 13.7 lbs. 3.0 250 674. 461 12.4 19.5 

Lot III, 4 horses 
Corn, 8 .4 lbs. 
Oats, 8.3 lbs. 
Wheat bran, 2.6 lbs. 
Oil meal, 0.4 lb. 

Timothy hay, 14.7 
|hoy=\e) i eraey hehe een eee 1.9 158 1,046 781 20.0 22\.2 

* Corn $0.65 and oats $0.55 per bu.; bran $26.00, oil meal $32.00, clover hay $11.00, and timothy 
hay $12.00 per ton. 

Clover hay proved much superior to timothy hay, the horses in Lot 
II, fed clover, making 58 per ct. larger gains than those in Lot III, fed 
timothy, and at a lower cost. Even when fed with clover hay and wheat 

bran and oil meal, oats and corn produced larger gains than corn alone. 

In a second trial 3 parts corn and 1 part oats proved more economical 

than half corn and half oats, when fed with clover hay. When much bran 
was fed with clover hay the combination proved too laxative. It will be 
noted that these fattening horses required about the same amount of 
feed as fattening cattle for a given gain in weight. (Chapter XXVII.) 

The value of corn silage and of cottonseed meal for fattening horses is 

shown in the following trial by Cochel*® at the Pennsylvania Station in 
which 1455-lb. light draft horses, or chunks, were fed for 84 days. 

Corn silage and cottonseed meal for fattening horses 
Average ration Daily gain Cost of 100 lbs. gain* 

Lbs. Dollars 

Lot I 
Cottonseed meal, 1.4 lbs. 
Shelled corn, 12.3 lbs. 

Corn silage, 16 .9 Ibs. 
Mirxedahavanl Oj olbshectaers sctneicrit siesta ae ane 

Lot II 
Cottonseed meal, 1.5 lbs. 
Shelled corn, 13.1 Ibs. 

MiieCuhn ay ale UnlbSitars sutras sees nateia cide ties 
Lot III 

Oats, 8.0 lbs. 
Shelled corn, 9.2 lbs. 

IMirxeclsh ay talipen bo Sine sissicha-ncle tits. «echelantins cab 1.64 17.80 
*Corn $0.50 and oats $0.35 per bu.; cottonseed meal $32, mixed hay $12, and corn silage $2.50 per ton, 

** Penn. Bul. 117. 
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Lot I, getting silage, consumed slightly less grain, and made some- 
what cheaper tho slightly smaller daily gains than Lot II. The silage- 

fed horses were sleeker and better finished than those in either of the 
other lots. Cottonseed meal and corn produced larger and more eco- 
nomical gains, and better finish than oats and corn. For a few days it 
was necessary to substitute linseed meal for the cottonseed meal with 
some of the horses which at first refused the latter. 

Gramlich*’ reports that many Nebraska feeders have obtained exceed- 
ingly satisfactory results in feeding alfalfa hay to horses that were being 
fattened. 

534, Hints on fleshing horses—Formerly fattening horses were usually 

confined to stalls and not exercised, as larger gains are then made. 

Obrecht found tliat horses getting no exercise gained 24 per ct. more 
than those walking 2.8 miles daily. Those in single stalls gained 8 per 
ct. more than others in box stalls, which had more opportunity to move 
about. If exercise is begun a few days before horses are marketed, a 
slight physic should be given to get the muscles in trim and the grain al- 

lowance cut in half to avoid digestive trouble, later again being gradu- 

ally increased to the former amount. When clover or alfalfa hay is fed, a 
bran mash twice a week is usually all that is necessary to keep the legs 

of these idle horses from becoming stocked. In some eases it is advantage- 
ous to give a dose of Glauber or Epsom salts twice a week. 

During the last few years many feeders are following the more natural 

plan of allowing the fattening horses to exercise at will in paddocks. 
Altho some feed the horses 5 or 6 times a day, others secure just as good 

results with 3 feeds. Water should be supplied freely at least twice a day. 

Usually no feed is administered between 5 or 6 o’clock at night and 6 
the next morning. Grooming and blanketing aid in producing a soft, 
shining coat which increases the selling price. (468-9) It is important to 

keep mangers and feed boxes clean, and to see that the teeth and feet of 
the animals are in good condition. (470-1) With such feeding and care, 
surprising gains are sometimes made. Craig and Bretell’* report that one 
horse gained 5.5 lbs. per day for 50 days. Gramlich’® states that one 
feeder reports a daily gain of 4 lbs. each on 150 head fed for 2 months. 
While it is recognized that horses must be thus fed to top the market, such 
rapid and excessive fattening is of little benefit and may even be injur- 
ious. When put to hard work the horses quickly lose most of the soft 
flesh acquired by such forcing. 

~ On fattening horses, Cochel®® writes: ‘‘The cost of gains is not the only 

factor which determines the profit or loss from the operation. Market 
values fluctuate quite widely during the time necessary for feeding, hence 
there may be considerable profit or loss due entirely to this factor. Horses 
that are kept in idleness are quite apt to become blemished or injured on 
account of playfulness in the stable. The risk of sickness is greater than 
with cattle, sheep, and hogs. Many horses are unable to stand a long 

77 Nebr. Exten. Bul. 28, 1914. “> Nebr. Exten. Bul. 28, 1914. 

* Breeder’s Gaz., 35, 1899, p. 781. * Penn, Bul. 117. 
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period of forced feeding because of constitutional weakness. Good judg- 
ment in buying and selling is necessary. All other conditions being equal, 
a close study of the selection of rations and methods of feeding will deter- 
mine the success or failure of those who finish horses for market.’’ 

535. Fitting for shows.—All show horses should be in good flesh, draft 
classes especially. The advice above given for fattening horses will apply 
to fitting draft horses for show, except that they must be exercised daily 
to keep their muscles in good trim. All show horses should be carefully 
fed, groomed, and exercised to bring them into proper ‘‘bloom.’’ Train- 
ing also counts for much in the show ring. 

IV. FEED AND CARE OF THE Liagut Horse 

536. Feeding the carriage and saddle horse—Style and action are pri- 
mary requisites with these horses, economy of feeding standing second. 

Good drivers in this country still assert that the oat-fed horse exhibits 
mettle as from no other feed. Tho oats easily excel any other single grain 

or concentrate, there are numerous instances in which a properly com- 
bined concentrate mixture has given just as good results, as is shown in 
the preceding chapter. From 8 to 10 lbs. of oats or their equivalent, di- 
vided into 3 feeds, should suffice for concentrates, the evening meal being 
the largest. In case the horse is at all constipated, a bran mash should be 
given. The hay is usually fed long, for the carriage horse has ample time 

for his meals. From 10 to 12 Ibs. of hay is a liberal allowance, bringing 
the total ration within 20 or 22 lbs. The carriage horse must be trim in 
body, and so cannot consume much bulky food, yet we should not forget 

that the ration must have volume in order that the digestive functions 
proceed normally. (107) With this class of horses the feeder must also 
guard against undue feeding of laxative foods, such as clover and alfalfa 
hay, or bran. Carriage horses are usually overfed and exercised irregu- 
larly or too little, and mainly for these reasons their period of satisfactory 
service is often brief. (466) On days when they are not driven, oats 
should be fed only at noon, with a bran mash morning and evening, no 
difference being made in the quantity of roughage fed. 

537. Feeding the trotter—The single requisite of speed makes the 
earrying of every pound of useless body weight, and more especially of 
feed, a serious matter in the management of the trotting horse. There is 
also to be considered the effect of the food on the character of the muscles 
formed from it, and especially on the nerve and mettle of the horse. All 
horsemen agree in regarding oats as the one grain suitable for animals 

where speed is sought regardless of cost of food. While this opinion pre- 
vails in this country, we should remember that the Arab horse usually 
subsists upon barley. 

For information on feeding the trotter we can draw from no better 

source than Hiram Woodruff,*t whose advice is here condensed. 
After weaning, trotting bred colts should be fed about 2 lbs. of oats per 

31The Trotting Horse of America, pp. 90-105. 



336 FEEDS AND FEEDING 

day with an unlimited allowance of hay. As the colt grows older the 
amount of oats should be increased to 4 lbs. for the yearling, 6 lbs. for the 
2-yr.-old before training, and 8 to 12 lbs. for the colt 2 to 3 years old in 
training, an unlimited allowance of hay being given all this time. 
When going into winter quarters, the feed of the trotter should be re- 

duced fully one-half in order to prevent fattening. A few carrots may be 

given and a bran mash occasionally, with good clean, sweet hay. Horses 
whose legs must undergo blistering or firing should have more cooling 

feed, as mashes and carrots, with less oats, in order to reduce the tendency 

to feverish, inflammatory symptoms. Care must be taken not to permit 

the animal to get flabby or washy by too much soft food while undergoing 

treatment. Horses turned out to the field should be fed oats twice a day, 

for the exposure to the severity of the weather increases the need of heat- 
giving food. In the spring when shedding, bran mashes are in order to 

keep the bowels open, but not flax seed or linseed meal, which have a ten- 

dency to relax the system too suddenly and to cause the old hair to come 
away before the new coat is well started. 

With the beginning of the season the feed should be increased to 8 to 10 

Ibs. of oats daily, in which case the horse wants less hay, but may still have 
all he will clean up unless he is a glutton. It is necessary to muzzle some 

horses to prevent their eating the bedding, long before the time for the 

race. No carrots or corn should now be given, unless it is necessary to 
induce a light feeder to eat his oats by mixing a handful of corn with 
them. 

During the jogging and after preparation, a bran mash about once a 
week, depending on the condition of the horse’s bowels, will be proper. 
The trainer must never relax his vigilant observation, or let his judgment 
sleep. During the fast work, preparatory to the coming trial, the horse 
will be put upon his largest allowance of strong food. Some will not eat 
more than 8 or 10 lbs. of oats a day; and it is necessary that such light 

feeders be not over worked. <A good feeder ought to have about 12 to 13 
lbs. of oats with a fair amount, say 6 to 8 lbs., of hay. Some will eat 16 

lbs. of oats a day. Splan** states that the famous trotter Rarus consumed 
15 Ibs. per day in the hottest part of summer. Woodruff, however, holds 
that any amount over 13 Ibs. does more harm than good. 

538. Army horses.—Oats, hay, and straw are the standard feeds used 
for army horses by the great nations, since they best fill the following 
rigid requirements: All provender for such purposes must not only be 
palatable and safe, but also widely known articles of trade, easily collec- 
tible in vast quantities, readily inspected, and generally uniform in 

quality ; moreover, they must not be subject to excessive waste or dete- 
rioration during storage and transportation. 

In the United States army the daily allowance of grain is 12 lbs. per 

head for horses weighing 1,050 to 1,125 lbs., and 9 Ibs. for mules averag- 
ing about 1,025 lbs. Under unusual exposure, 3 lbs. of additional grain 

2 Life with the Trotters. 
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daily may be issued. The standard allowance of hay for both horses and 
mules is 14 lbs., with 100 lbs. of straw for bedding per month. 

In Great Britain the ration is 12 lbs. of hay and 10 to 12 lbs. of oats. 
Hight lbs. of straw per day is fed horses when at the garrison. In the 
French army a smaller allowance of hay, 6.6 to 8.5 lbs., is given with an 

allowance of oats ranging from 10.4 lbs. for light horses in time of peace 
to 14.7 lbs. for the heavier horses in war time. The German army uses 

eut straw generally in the ration, the roughage ranging from 7.8 lbs. 

straw and 5.6 lbs. hay in the garrison to only 3.9 lbs. straw and 3.3 lbs. 
hay when in the field. The allowance of oats ranges from 9.5 Ibs. on a 
hight ration in the garrison to 12.6 lbs. on a heavy ration in the field.** 

With the army horse it is often necessary to use substitutes for the regu- 

lation concentrates and roughages. General Carter** writes that oats, 
corn, bran, and sometimes barley, especially in the southwestern states, 
form the concentrate allowance for the horses of the United States army. 
Palay, or unhulled rice, was the main reliance of the cavalry horses in the 
Philippine Islands during the early days of the insurrection. Pott®® men- 
tions that a stock bread, made of coarsely ground oats, peas, barley, and 
linseed, with a little salt added, was employed by the Russian cavalry 
during wartime. The kind of hay fed will vary according to the district. 
Carter writes that besides the common cultivated grasses, there have 
been accepted at various times in the United States army, hay from gram- 

ma grass, bunch grass, and other wild western grasses, various reed grass- 

es, wild oats, and “‘pulled’’ corn fodder. 

3 Langworthy, U. S. Dept. Agr., Office of Expt. Sta., Bul. 125. 

*4 Horses, Saddles, and Bridles, 1902, pp. 357-379. 

®Handb. Ernahr. u. Futter., I, 1907, p. 329. 



CHAPTER XXI 

GENERAL PROBLEMS IN DAIRY HUSBANDRY 

J. THe Dairy Cow As A PRopucER oF HuMAN Foop 

Tho the use of milk and dairy products for food dates back to anti- 
quity, dairy farming as now practiced is of recent origin. In the early 

days cows freshened in the spring, yielded their milk on pasture in the 
summer, and were ‘‘roughed’’ thru the winter on any forage that was 

available. 
Monrad,' a most reliable dairy authority, tells us that in the mountain 

districts of Norway, in the dawn of dairying, cows on small farms were 

wintered on straw, birch leaves, reindeer moss, and horse dung, cooked 

and given as a mash mixed with chaff and leaves, while on large farms 

the mixture was fed uncooked. As late as the close of the last century, 
herring hauled inland and stored in snow banks were boiled with horse 

dung and shavings of mountain ash and birch bark for feeding goats, 

sheep, and young cattle. Along the coast even now herring, fish offal, 

seaweed, and ocean alge are fed in springtime if the hay gives out. The 

butter yield on the summer mountain pastures in the early times was 

from 24 to 48 lbs. per cow for the season, and the annual yield of milk 

from a good cow ranged from 1,600 to 1,800 lbs. While the changes from 

such primitive conditions have been great, the cow has generously re- 

sponded to every advancement in feed and care. 

539. Dairying and maternity—When a steer is fattening, the process 

goes on rapidly at first, but after a time it is accomplished only at a high 

cost for the feed consumed. How different is the dairy cow which uses 

her food, not for the formation of fatty tissue to be stored within her 

own body, but in making food for nurturing her young ! 

The basis of modern dairying is the maternity of the cow, and success 

in this art depends upon rationally recognizing this great basic fact. 

Whoever will study dairying from this standpoint, first prominently 

brought to public attention by W. D. Hoard of Wisconsin,” will come to 

regard the cow in a new light and grow into a better dairyman. 

540. Economy of the dairy cow.—As land, labor, and feed increase in 

price, the dairy cow will more and more displace the strictly meat pro- 

ducing farm animals, for she produces human food with far greater 

economy than does the steer, sheep, or pig. That this change is taking 

place is brought out plainly by the census statistics, which show that 

from 1900 to 1910 the number of dairy cows in the United States in- 

1Hoard’s Dairyman, April 16, 1909. 

2Wis. Farmer’s Inst. Bul. 1, and elsewhere. 
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ereased about 20 per ct., tho the total number of all cattle actually de- 
creased. The following table, adapted from Lawes and Gilbert,’ well 
shows the relative economy of the dairy cow and the steer as producers 
of human food: 

Relative returns by the cow and the fattening ox in one week 
Mineral Total dry 

Protein Fat Sugar matter matter 
Lbs. Lbs. Lbs. Lbs. Lbs. 

Weekly returns from cow when yielding: 
ZO Mbsamiualled aly; tye eevee cies «sz: By iil 4.90 6.44 TOS le50 
3(0) oer c Erie e Ae eee aan 7.67 G35 9 .67 TS 2Oe25 
CLOMPLSN Se, TREKS CLAN Vase Te ern nl en wete b WETS, PAPA 116} 1122 2.61 43.76 

Weekly returns from ox when gaining: 
Oplbssweekliviay sie blacks sas 0.75 6.35 0.15 1225 
Haplbs: weeklyccs seo. alee. ee as 9.53 0.22 10.88 

The fattening ox, when making the substantial gain of 15 lbs. weekly, 
produces in that time 1.13 lbs. of protein or nitrogenous substance, 
mostly in the form of water-free lean meat. In the same time the cow 
yielding 30 lbs. of milk daily produces 7.67 lbs. of casein and albumin, 

or nearly 6 times as much nitrogenous substance. While the ox is lay- 
ing on 9.53 lbs. of fat, the cow puts 7.35 lbs. of fat into her milk. She also 
secretes 9.67 lbs. of milk sugar, against which there is no equivalent sub- 

stance produced by the ox. Changing this sugar to its fat equivalent 

(70), the cow is shown to yield somewhat more fat or fat equivalent 
than the ox. The ox stores 0.22 lb. of ash, or mineral matter, largely in 
his bones, while the cow puts into her milk 1.57 lbs. of ash, or over 6 
times as much, during this time. 

A better measure of the relative economy ‘of the cow and other farm 
animals in converting the products of the fields into human food is the 

amount of edible solids yielded for each 100 Ibs. of digestible nutrients 
consumed. As has already been pointed out (183), the dairy cow returns 
about 6 times as much edible solids in her milk for each 100 lbs. of digest- 
ible nutrients consumed as the steer or sheep yields in its carcass. 

541. Cow and steer further compared.—Trowbridge of the Missouri Sta- 

tion analyzed the entire body of a 1250-lb. fat steer fed at that Station. 
At the same Station a Holstein cow gave in one year 18,405 lbs. of milk. 
The following table by Eckles* shows the total nutrients in the milk 
yielded by the cow during the year and in the entire body of the steer: 

Dairy cow vs. steer as producer of human food 
Dry matter in Dry matter in 

18,405 Ibs. 1,250-Ib. 
milk steer 
Lbs. Lbs. 

Proteinlsubstancesmereet veterans sree hy 4 ai arate 552 172 
TET Ss fh eR ISTE NE lc ee ey aha he So ame Sites ae 618 Boo 
SHUT BSS AS wie Sh RE IEN  e  e 920 None 
Mineralematrern sae ieee ots Sit Art 128 43 

CURES RoW beta ea cat A Ge ae Ee en i ree cA Na 2,218 _ _ 548 

’Jour. Roy. Agr. Soc., Eng., 1895. *Hoard’s Dairyman, Feb. 25, 1910. 
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The steer’s body contained about 56 per ct. water, leaving 548 Ibs. 
of dry matter, which included not only the edible dry lean meat and fat, 

but also all other parts of the body—horns, hoofs, hair, hide, bones, 

tendons, and internal organs. In one year the cow produced 2,218 lbs. of 

dry matter which was wholly digestible and suitable for human food. In 

that time she produced enough protein to build the bodies of 3 such 
steers, fat sufficient for nearly 2, and mineral matter enough for 3, be- 
sides 920 Ibs. of milk sugar, which is as nutritious as the same weight of 
cane sugar. 

Eckles writes: ‘‘These figures show the remarkable efficiency of the 
cow as a producer of human food. It is because of this economical use of 

food that the dairy cow and not the steer is kept on high-priced land. 

When land is cheap and feed abundant the meat producing animals pre- 
dominate, but when the land becomes higher in value and feed expensive, 
the farmer turns to the dairy cow.’’ (199) 

542. Disposition of feed.—In extensive trials covering 9 years Haecker 
of the Minnesota Station® found that cows averaging 910 lbs. in weight 

and yielding about 24 lbs. of milk daily, containing approximately 1 Ib. 

of butter fat, utilized the digestible nutrients in their feed as follows: 

Utilization of daily feed by the dairy cow, per 1000 lbs. live weight 
Total digestible Per ct. of 

nutrients nutrients 
Lbs. Lbs. 

For maintenance of the body..................... 7.92 46.5 
Horimanutacture: Olam kee ae eee ney ees reas AS 24 .4 
Tnimilkproducedwiiit cle A Saas RS ees 4.95 29.1 

Total in feed consumed..............-.--e0+ee- 17202 100.0 

It is shown that a well nourished dairy cow uses about 47 per ct. of the 
food she consumes to support her body and 24 per et. in the work of con- 
verting food into milk, and that about 29 per ct. finally appears as milk. 

This shows the cow to be a more efficient machine than either the horse 
or the steam engine. (146) 

543. Dairy vs. beef type—When in full flow of milk a high producing 
dairy cow is generally spare and shows an angular, wedge-shaped form, 

a roomy barrel, spacious hindquarters, and a large udder. This con- 
formation is in strong contrast to that of the low-set, blocky, beef animal, 

with its compact, rectangular form, and broad, smooth back. These two 

types are the result of careful breeding with opposite objects in view. 
The beef animal has been developed to store in its carcass the largest 
possible amount of meat. On the other hand, for generations the dairy 
cow has been bred for the primary object of producing large yields of 
milk and butter fat. The great improvement in productive capacity in 

each breed of dairy cattle has come thru long-continued selection based 

on performance at the milk pail. As a result, tho a good dairy cow may 

put on flesh when she is dry, on freshening the impulse to milk pro- 

°Minn. Bul. 140. 
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duction is so strong that she uses all the feed she can consume for the 
manufacture of milk. Even under liberal feeding she shows little or 
no tendency to fatten, but rather grows spare and lean as the lactation 
period progresses. 

To determine whether cows of dairy type were more economical pro- 
ducers than those of the beef type, Haecker of the Minnesota Station® 
divided the Station herd into 4 groups, the first including cows of the 
beef type; the second, those showing less tendency to beefiness; the 
third, spare cows lacking in depth; and the fourth, spare cows with deep 
bodies and of distinetly dairy type. The returns from cows of the dif- 
ferent types are shown in the following table: 

Economy of cows of dairy and beef types 

Dry matter consumed ee 

Type No. of Av. live Daily per Cont of 
animals | weight | Daily | 1,000 Ibs.|. Per. | 1 Ib. fat 

live wt. | Lb. fat. 

Lbs. Lbs. Lbs. Lbs. Gente 
IBGele by Commis nen: tibahe so Sit tee 3 1,240 | 20.8 16.7 Bil ca Nf 355 
mession beet type’. 0 3s. si. 4 945 | 20.4] 21.0 | 26.4) 15.1 
Spare but lacking depth of body. 3 Somme ORO ie23h Ol i215 14.6 
ID NA UNO neti cae ee eer ene ee 951 | 21.9 23 .6 Zilee2, WZ aM 

The table shows that as the cows approximated the distinctly dairy 
type the amount of dry matter consumed and the feed cost per pound 
of butter fat decreased in a marked manner. In view of the widely 
differing nature of the functions of milk and flesh production, it is not 
surprising that both can not be developed to the highest degree in the 
same animal. With Smith’ we must conclude that the most perfect 
beef cows are not economical milkers, and the best dairy cows are not 
satisfactory beef makers. 

544, Good and poor producers.—To determine the relative economy of 
high and low yielding cows for producing milk and butter fat, Carlyle 
and Woll, at the Wisconsin Station,® studied the food consumed by and 
the returns from 33 cows, covering 88 lactation periods extending thru 
the entire winter. The herd was divided into the following classes 
according to their productive capacity. 

Feed eaten and returns by cows of different quality 

Wt. of Dry Daily production Dry matter eaten per— 

Character of cows eons eaiae anily Milk Fat 1000 Tbs. 100. Ibs. 1 Tb. 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

High producers...... 956 | 25.3 26 .6 1.2 27 .0 102 22 
Medium producers... .| 1,133 24.7 21.5 0.9 21.4 119 27 
Low producers....... WO: | 921 1 14.6 0.7 21.1 149 32 

®Minn. Bul. 35. ™Profitable Stock Feeding, p. 38. ‘Wis. Bul. 102. 
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The high grade producers ate much more feed for their weight than 
the others, yet they required only 102 Ibs. of dry matter for 100 lbs. of 
milk, while the low-grade cows, which ate less feed, required 149 lbs., or 
almost 50 per et. more feed for 100 lbs. of milk. 

545. Profitable vs. unprofitable cows.—Beach of the Connecticut 

(Storrs) Station® found the cost of feed and the returns from the 5 best 
and the 5 poorest cows in the Station herd for 5 years to be as shown 
in the following table: 

Cu as returns eo promable and unprofitable cows 

Cost of Yie ld of Margin over | Fee oe cost at 
feed fat cost of feed | 1 Ib. of fat 

First year Dollars Pounds Dollars Cents 

5 most profitable cows..............| 56.54 304 26.91 18.6 
5 least profitable cows..............| 52.02 189 4 .09* 27 .5 

Second year 
5 most profitable cows..............| 60.80 377 43 .27 16.0 
5 least profitable cows............... 45.38 164 Lay Thay PHT 

Third year 
5 most proutable cows... ...-..202%. 53 .24 375 44 .25 14.2 
5 least profitable cows............... 43 .38 217 15 .68 20.0 

Fourth year 
5 most profitable cows..............| . 59.52 376 43.71 15.8 
5 least profitable cows............... 51.45 237 Nea} aff PAL of 

Fifth year 
5 most profitable cows..............| 59.46 366 40 .23 16.2 
5 least profitable cows............... 56.11 269 okie OF 20.9 

* Loss. 

The table shows that the good cows ate more feed but gave better 
returns over cost of keep than the small producers. During the first 2 
years the 5 poorest cows did not pay for their feed. By gradual elimin- 

ation the net loss of about $4 for each of the poorest cows the first year 

was changed to a gain of $17 per head for the 5 poorest animals in the 

herd during the fifth year. 
Fraser of the Illinois Station’® reports a cow in the Station herd 

that in 12 years gave 87,102 lbs. of milk, containing fat sufficient to 
make 4,318 lbs. of butter. During 3 years a certain cow gave 11,930 
Ibs. of milk annually, containing 405 Ibs. of fat, and returned $42.60 per 

year over cost of feed. Another with the same feed and care gave in the 

same time only 3,830 lbs. of milk annually, containing 138 Ibs. of fat, 

and failed by $5.62 per year of paying for her feed. 

546. Causes of inefficiency of dairy cows.—Observing a striking differ- 

ence in the productive capacity of 2 Jersey cows at the Missouri Sta- 

tion, which were raised under the same conditions and were more than 

hale sisters, Eckles and Reed ™ conducted the following trial to find the 

explanation. During their first 2 lactation periods the better cow had 

produced 2.8 Ibs. of milk and 3.9 Ibs. of fat for each pound produced by 

*°Conn. (Storrs) Bul. 29. T}]. Cir. 106. “Mo. Res. Bul. 2. 
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the other. In the third lactation period the cows, calving 3 days apart, 
were fed the same feeds supplied in the same proportions, the amount 
fed being so adjusted that neither cow gained nor lost in weight. Both 
were kept farrow and complete records kept and analyses made of the 
feed consumed and milk produced for the entire lactation period. During 
the year the better cow consumed 1.75 lbs. of feed for each pound eaten 
by the other, but produced 2.67 lbs. of milk and 2.77 lbs. fat for each 

pound yielded by the poorer cow. When dry the better cow required 
more feed to maintain her weight than the poor one. Her greater effi- 
ciency was therefore not due to a lower requirement for maintenance. 

She digested a slightly larger percentage of her ration, but there was far 
too little difference to explain her much greater economy in production. 
There was practically no difference in the amount of milk or fat pro- 
duced by the cows from each 100 lbs. of feed which they ate in addition 

to the maintenance requirement. The real cause of the greater efficiency 
of the better cow was that she was able to consume and utilize a much 
larger amount of feed above that needed to maintain her body, and 
hence had more feed available for milk production. The good producer 
secretes an abundance of milk, on account of her strong inherited im- 
pulse to milk production. To replace the nutrients she puts into her 
product she has a keen appetite and consumes a heavy ration. 

547. The basis of profitable dairying.—Good authorities estimate that 
even in the leading dairy states from one-fourth to one-third of the dairy 
cows do not pay for their care and feed.1* The chief reason why such a 
condition is found now, when the principles of successful selection, feed- 
ing, and care of dairy cattle have long been established by scientists and 
practical dairymen, is that the owners do not know which of their cows 
fail to yield enough milk to pay for their feed and care. They do not 
realize that tho the gross income from their herd would be reduced by 
weeding out the ‘‘boarders,’’ their net profits would be materially in- 
creased. 

Since the basis of profitable dairying is the individual cow, the 
question arises as to how the dairyman can select the animals to be re- 
tained and those, if any, which should be culled out. Competent judges 
can usually distinguish a cow of very low productive capacity from one of 
high efficiency by her conformation. However, even experts are often 
unable to foretell a cow’s yield from her appearance alone. The only 
reliable index to the value of a cow as a profitable producer is the record 
of the actual amount of milk and fat she has yielded, which record may 

now be readily secured by the combined use of the Babcock fat test and 
the milk scales. With records of the production of each cow and the 
approximate amount of feed she has consumed, the dairyman is in 
position to eliminate the unprofitable animals and proceed to build up a 
herd of high producers at little expense by using a bred-for-production 

sire and retaining all heifer calves from the most profitable cows. 

“2Woll and Harris, Wis. Bul. 226. 
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II. MiukK; Factors INFLUENCING ITs CoMPOSITION AND YIELD 

548. Composition of milk—As we shall see later (551~—72), the chem- 
ical composition of cow’s milk varies considerably, depending especially 
on the breed, the individuality of the cow, and the length of time she 
has been giving milk. The average composition of milk in several coun- 
tries, as presented by Wing,** is as follows: 

Average composition of cow’s milk 
American English German French 
(Babcock) (Oliver) (Fleischmann) (Cornevin) 
Per ct. Per ct. Per ct. Per ct. 

Waterss sie soe eee. Soke Sielt 87 .60 87.75 Sito 
I TH) eke iter ee AN oN OS, RRS Coca 3.69 3.25 3.40 3.30 
Casein seer seen cas rates 3.02 3.40 2.80 3.00 
W Mile} bhoaub sytem quiver OS tenes Rie cee Maenan cars 0.53 0.45 0.70 compet 
POUL Ta ow eae te acuctretaeae eeeraaccnashos 4.88 4.55 4.60 4.80 
IACH deca aiiensro ma ike Siena rte eae (OR val 0.75 0.75 ORGS 

100 .00 100 .00 100 .00 99 .60 

It has been pointed out in previous chapters (115, 150) that milk is 
rich in crude protein and ash, especially hme and phosphorie acid, and 

that hence the ration for the cow should furnish an abundance of these 
nutrients. Attention has been called to the fact that colostrum, the milk 

produced by the cow immediately after freshening, differs from ordinary 
milk in being higher in protein and ash. (115) 

549. Milk of the various breeds.—The milk of different breeds of cows 
varies considerably in composition, as is shown in the following table, 
chiefly from Wing,'t which summarizes data from various American 
stations. 

Solids Fat 
Breed Per ct. Per ct. 

JOTSEY. S cain a uataas bh abieeoelew oaeeeueee canst eoatrevin as» 14.70 OBeD 
GHISTOSCY 2.0! Fito Ba Rite baie town ieee ne are ene 14.71 5.16 
DEN ON reat Sek eo to ae een ee 14.50 4.60 
Shorthorn jesse seveieo yee icc eee tere ne de eae eee 13.38 4.05 
IB TO Wr SO WASS i FA eee ecient hoc Ro cae UB ed 4.24 
Ayrshire, stone) wine a Seen meio com aie Sete ko eee 12.61 3.66 
1S liirssined olscyehalees Ahn See a) hn a see aio ecm co os Thal ey) 3.42 

It is shown that the Jersey and the Guernsey breeds give the richest, 

and the Ayrshire and the Holstein-Friesian the poorest milk. However, 
the breeds which give the richest milk usually yield a smaller quantity, 
so that the total quantity of solids and fat is nearly the same for all 

dairy breeds. 
Eckles and Shaw have shown that the sugar and albumin content of 

milk varies but little with either breed or individual, while there is a 

ereater range in the percentage of casein. Milks rich in fat are generally 

high in casein, but the casein content does not increase in the same ratio as 

the fat content. According to Hart and Tottingham,’® for each 100 lbs. 

8 Milk and Its Products, p.17. “U.S. Dept. Agr., Bur. Anim. Indus., Bul. 156. 

“Milk and Its Products, p. 33. ‘Agricultural Chemistry, p. 291. 
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‘of fat in Jersey or Guernsey milk there are as a rule 55 to 65 lbs. of case- 
in, while in Ayrshire and Holstein milk there are 65 to 75 lbs. The ratio of 

fat to casein shows considerable variation among cows of the same breed. 

These facts are important in cheese making since the yield of cheese de- 

pends not only upon the amount of fat in the milk but also upon its 
easein content. A milk testing 6 per ct. of fat will not make twice as 
much cheese as one testing 3 per ct. Hart of the Wisconsin Station,” 
who has invented a simple casein test, advises paying for milk at cheese 
factories on the basis of the content of both fat and casein. 

550. Fat globules.—Collier of the New York (Geneva) Station’ placed 
the average secretion of milk by the cows of the station herd at 0.7 lb., or 
19.6 cubic inches per hour. He found that the one-thousandth part of a 
eubie millimeter of average milk contained 152 fat globules, and accord- 
ingly that the average station cow secreted 138,210,000 fat globules each 

second thruout the day of 24 hours while giving milk. Babcock? tells 
us that a quart of average milk contains not less than 2,000,000,000,000 
fat globules. These figures are beyond comprehension and should inten- 

sify our interest in the marvelous processes of life. They lead us to 
ponder on the infinite division which food must undergo during digestion 
before it is useful to animal life. 

The fat globules of Jersey and Guernsey milk are considerably larger 
than those in Holstein and Ayrshire milk, while the size of the globules 
in Shorthorn milk ranges between. This fact is of practical interest, for 

eream rises more rapidly in milk containing large fat globules. 
551. Influence of individuality—Individual cows of .the same breed 

differ from one another not only in the amount of milk and fat they pro- 
duce but also in the composition of their milk, especially the percentage 
of fat. Indeed the difference in fat content of milk from individuals of 
the same breed may be as great as the difference between the grand 
averages for the different breeds. As Eckles’® points out, the cow that 
gives the richest milk does not necessarily produce the largest total yield 
of fat. He holds that as a rule the highest annual productions of butter 
fat are generally secured with milk carrying the average percentage of 
fat for the breed or even less. 

The composition of the milk from an individual cow often varies con- 
siderably from day to day, due to such causes as changes in the health 

of the animal, change in milkers, excitement, variations in the weather, 

and to some extent to changes in feed.** 

To determine the variation in the percentage of fat in single aie 

of individual cows, Anderson of the Michigan Station*? studied 200 

seven-day records made under ordinary herd conditions where regular 

feeding and milking were practiced, and 2000 seven-day records of . 

“Wis. Buls. 156, 197. BN. Y. (Geneva) Rpt. 1892. 2 Wis. Bul. 18. 

2°Dairy Cattle and Milk Production, pp. 133-4. 

2% Wekles and Shaw, U. S. D. A., Bur. Anim. Indus., Bul. 157. 

22Mich. Spec. Bul. 71. 
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official Advanced Registry tests. From these data he draws the following: 
conclusions: One may expect that during 7 consecutive days about 30 
per ct. of a herd of cows will show a range in the percentage of fat in 
the milk at different milkings of 1 per et. or less; 50 per ct. of 1.1 to 2.0 
per ct.; 14 per et. of 2.1 to 3.0 per ect.; and the remaining 6 per ct. of 
the herd even a greater variation. In other words, 6 per ect. of the cows 
might yield milk testing 3 per ct. of fat at one milking during the week 

and at some other milking produce milk containing 6 per ct. of fat or 
over. The fluctuation in the composition of the milk from the same cow 
is thus much greater than has often been assumed. 

552. First and last drawn milk.—At the New York (Geneva) Station?* 
Van Slyke analyzed the successive portions of milk drawn from a Guern- 
sey cow with the following results: 

Composition of the successive portions of milk as drawn 
Weight of milk Fat Casein Albumin 

: Lbs. Per ct. Per ct. Per ct. 

Hirst pOnblol, ..e fa. Beeaeee 3.2 0.76 2.67 0.62 
PECONGEOOLULON ya ne eran 4.1 2 .60 74 Lf 0 .64 
AWontxel Foxerritoyal.. os Goo ee on one 4.6 5.35 2.49 0.61 
Hourthe portion re. sei cre ea 5.8 9.80 2.39 0.58 

We learn that the first milk drawn is very poor in fat, each succeeding 
portion increasing in richness of fat, while the casein and albumin show 

little change. Those who let the calf have the first milk drawn and re- 
serve the strippings keep the richest milk. . 

553. Effect of period between milkings.— When the intervals of time be- 
tween milkings are unequal, other conditions being the same, cows gener- 
ally yield a smaller amount of milk after the shorter period, but this milk 
is usually richer in fat. For this reason the evening milk is generally the 
richest in fat and total solids. With equal intervals between milkings 
there is no uniform variation in the fat content of the different milkings. 
When cows are milked 3 times daily at equal intervals, the mid-day 

milking is usually slightly the richest.** 
554. Effect of age—From a study of all the data bearing on the effect 

of age of the cow on the yield and fat content of milk Eckles* concludes: 
‘‘A dairy cow on the average as a two-year-old may be expected to 

produce about 70 per et.; as a three-year-old around 80 per ect.; and as 

a four-year-old about 90 per et. of the milk and butter fat she will pro- 

duce under the same treatment when mature. 

‘‘The richness of milk remains practically constant from year to year, 

except that after the third milking period there is a slow, gradual decline 

with advancing years. 

‘Probably the majority of dairy cattle are rejected from the herd on 

account of failure to breed, or from udder trouble, before the effect of 

2 Jour. Am. Chem. Soce., 30, p. 1173. 

2% Wekles and Shaw, U. S. D. A., Bur. Anim. Indus., Bul. 157. 

Dairy Cattle and Milk Production, p. 153. 
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advancing years can be observed to any marked extent. It is a fact 
often observed that a cow may make her best record when 10 or 11 years 
old, altho as a rule she does her best rather earlier. If a dairy cow 
continues to breed, she usually shows no marked decline until at least 12 
years old. Occasionally a cow continues to breed until she is 16 or 18 
years old.’’ 

555. Effect of advancing lactation—Woll of the Wisconsin Station2* 
has condensed, in the table following, the findings of the New York 

(Geneva) Station with 14 cows of 6 breeds, giving the dry matter con- 
sumed and the yields of milk and fat, month by month, from freshening 
until the cows went dry: 

Effect of advancing lactation on economy of milk production 

Daily yield Dry matter eaten to produce: 

a a a Fat Dry matter 
eo Mik | Fat eaten daily | 100 tbs. | 1 1b. 1 Ib, 

Lbs. Lbs. Per ct. Lbs. Lbs. Lbs. Lbs. 

birstmonbvhie..). 4. 25.1 | 0.98 4.02 23 .6 94. oll 24.1 
Second month...... 26.0 | 0.95 3.74 27.0 104 £3} 74 28 .6 
Third: month. .....:. 23.8 | 0.84 SPUAL! 28 .9 122 9.5 34.4 
Fourth month...... 21.2 | 0.79 3.84 29 .0 Ne37/ 10.5 36.8 
itthimonth. 42... 19.6 | 0.73 3.87 28 .5 146 Nal gal Bio) a 
Sixth month....... 19.8 | 0.75 3.90 29 .3 148 Hal 22 39 .4 
Seventh month..... 19.0 | 0.72 3.94 28.5 150 Wt 372 39.7 
Eighth month......| 16.0 | 0.60 3.89 28 .0 175 13.0 46.5 
Ninth month...... 12.5 | 0.48 3.92 28 .0 224 16.1 58 .3 
Tenth month...... 9.4 | 0.41 4.19 PRG) 5) 282 19.4 Gone 
Eleventh month....| 5.6 | 0.26 4.58 24.3 436 Zola ORO 

Immediately after freshening the cows gave richer milk than later. It 

then grew poorer for a month or two, and after that slowly increased in 

richness until they became dry. The changes in fat content as the lacta- 
tion period progresses often seem to follow no definite law, so that gener- 
alizations on this point are difficult. The table shows that during the first 
month after a cow freshens a given quantity of feed gives greater returns 
in milk product than later, and that the further advanced a cow is in 
lactation the more food she requires for a given quantity of milk. When 
fresh the cow usually draws on her own body substance for nutrients 

used in milk production, and later she is nurturing an unborn ealf. 
On studying the monthly records of 323 cows entered in the Wisconsin 

Dairy Cow Competition and tested by the Station of that state, Woll*’ 
found that the average percentage of fat did not vary over 0.08 per ct. 
during the first 6 months of lactation. After this the fat content in- 
ereased gradually up to the ninth month, and more rapidly thereafter. 

The combined studies of Carlyle and Woll at the Wisconsin Station,”* 
Beach at the Connecticut (Storrs) Station,*® Linfield at the Utah Sta- 

tion, °° and the results of the Wisconsin Dairy Cow Competition *1 show 

* Wis. Bul. 116. *Wis. Bul. 102. °Utah Bul. 68. 
“Wis. Res. Bul. 26. Conn. (Storrs) Bul. 29, “Wis. Res. Bul. 26, 



348 FEEDS AND FEEDING 

that the normal monthly decrease in the yield of milk, fat, and total 
solids in well-managed herds is about as follows: From the second to 
the seventh month the shrinkage varies irregularly, ranging from 4 to 9 

per ct. per month, based on the yield of the previous month. The average 
monthly decrease during this period is about 6 to 7 per ct. After this 

the decrease becomes more rapid, being 9 to 11 per ct. for the eighth 
month, 12 to 18 per ct. for the ninth month, and 12 to 23 per et. for the 

tenth month, after which the cows are generally dried off. 
556. Period of greatest yield—Haecker of the Nebraska Station?? 

studied 259 lactation periods with cows at the Nebraska and Minnesota 
Stations, the records beginning 4 days after calving. He found that 90 
per ct. of the cows made their best records during the first 10 weeks of 
lactation, and over one-half during the first month. The greatest number 

gave the most milk during the third week, and the most fat during the 
second week after calving. 

557. Influence of condition at calving.—Observing dairymen have for 
some time known that cows calving in a fat condition will sometimes 
yield milk abnormally rich in fat for a short time after calving, losing 
markedly in weight during this period. This fact has been brought to 

public attention by Woll?* and Eekles.** At the Missouri Station 
Eckles fed a mature cow so as to be excessively fat at calving, and there- 
after gave her food sufficient only for a dry cow. Beginning with 21 lbs. 
of milk daily, she was giving 19.5 lbs. at the end of 30 days of such poor 

feeding, during which time she lost 115 Ibs. in weight. Hckles estimates 
that the 43 Ibs. of fat and 53 Ibs. of other solids yielded in the milk 

during this period must have been drawn from her body tissues. During 

this period her milk averaged 6.1 per ct. fat. Within 48 hours after her 
feed was later increased it declined about 1.4 per ct. 

In another trial Eckles fed one heifer liberally on rich rations from 

birth until she calved, while another was kept poor and thin. After 

calving, the milk of the well-fed heifer tested over 4 per ct. fat and that 
of the thin one about 3 per ct. For several weeks after calving the fat 
heifer declined in weight, the fat percentage remaining constant. When 
at length her weight became stationary the percentage of fat declined 

somewhat. The thin heifer did not lose in weight after calving, and the 

fat in her milk did not decrease. In the end the milk of the two heifers 

was about equally rich. 

These trials show that when a cow of good dairy temperament calves 

in high condition, owing to the strong impulse to milk production she 

will withdraw fat from her body and put it into her milk. While she is 

doing this the fat content of her milk will be raised abnormally high. 

This fact is important, for it shows that the total yearly production of 

fat is increased by having cows in good condition when they calve. The 

fat they have deposited on their bodies is not wasted, but is returned in 

the form of the more valuable butter fat. The bearing of this fact on 

Nebr. Bul. 76. “Hoard’s Dairyman, July 9, 1909; Mo. Bul. 100. 

*%Wis. Rpts. 1902, p. 117; 1903,:115. 
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the value of short-time tests of dairy cows is obvious, for by having cows 

ealve in a high condition a seven-day record of fat production may be 
secured shortly after calving which is no index to their ability as long- 
time producers. Yearly records obviate this criticism. 

558, Loss in weight.—Haecker of the Minnesota Station®> found that 
cows lose rapidly in weight after freshening. In one case the average 

decrease for 15 cows was 49 lbs. per cow for the first week, with an 
average daily loss per cow of 2 lbs. for the first 7 weeks. During this 
time the cows yielded products in excess of what the food furnished—in 
some instances twice as much. Such excess of yield gradually decreased 

until the eleventh week, when cows of pronounced dairy temperament 
reached equilibrium between the food nutrients consumed and dairy pro- 
ducts yielded, while others required a longer time to reach equilibrium. 

559. Influence of feed on yield of product.—The quantity of milk and 
butter fat the cow yields depends directly on the constitution of the 
animal and her inherent tendency toward milk production. Within these 
inherited limits, however, it is governed directly by feed, care, and en- 
vironment. Ina state of nature the cow provides only sufficient milk for 
the nourishment of her young, even tho her feed be abundant. When 
she is liberally fed, the modern dairy cow, produced thru long-time 
selection and breeding, secretes far more milk than her ealf can utilize. 
So generous is the dairy cow that few dairymen feed to the limit of profit- 

able production. Within wide limits, then, the quantity of milk a dairy 

cow yields is directly dependent on the feed and care she receives. 
This is shown in a striking manner by a test conducted by Wing and 

Foord at the Cornell Station.*® For a full year they recorded the milk 
and fat yield of a herd of poorly nourished cows kept by a farmer on a 
New York farm. The herd was then moved to the Station where it was 
liberally fed for 2 years; then the cows were returned to the farmer who 
fed them poorly as before. Below appear the average returns of 7 cows 

so studied : 

Effect of continued under-feeding on milk production 
First and fourth Second and third 
years on farm years eeSailon 

Ss. 

Average weekly yield of milk per cow............ 109 155 
Average weekly yield of fat per cow .............. 4.7 Tail 

Here is an increase thru good feed and care of 42 per ct. in the quan- 
tity of milk and 51 per ct. in the quantity of fat over that obtained by 
the farmer. When again subjected to the hard conditions enforced upon 
them by the poor farmer, the cows fell back to their old record. 

560. Influence of feed on richness of milkDown to the most recent 
times it was universally held that milk varied in richness, or percentage 
of fat, from milking to milking, according to the feed and care the cow 

received daily. We have now come to know that the milk of each cow 

possesses a fixed, inherent composition, and that normally the richness 

Minn. Bul. 79. %N. Y. (Cornell) Bul. 222. 
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of milk is not the immediate sequence of feed and care, provided the cow 
receives sufficient nutriment to maintain her body weight. Cows starved 

or greatly underfed may produce milk somewhat lower in fat percentage 
than normal. However, as is shown in the following paragraphs, under 
all ordinary conditions the percentage of fat can not be materially altered 
for any long period of time by the particular kind of feed the cow re- 
celves. 

The Jersey cow gives milk which is relatively rich in fat, and the Hol- 
stein, milk that is relatively low in fat. No kind of feed or care will 
cause the Jersey to give milk like that of the Holstein, or the reverse. 

Were a piece of skin, clothed with yellow hair, taken from the body of a 

Jersey cow and grafted on the body of a Holstein cow, we should expect 

the grafted portion to continue growing yellow, Jersey-like hair. In the 

same way, were it possible to graft the udder of a Jersey cow on to the 
body of a Holstein, we would then expect the Holstein to give Jersey-like 
milk. It is not the body of the cow or the digestive tract, but the glands 

of the udder which determine the characteristics of the milk yielded by 
each individual cow. This is what we should expect, for if milk varied 
with every slight change of food and condition, the life of the young, 
dependent on such milk, would always be in jeopardy. 

561. Effect of protein-rich rations—That feeding an excess of protein 
over the actual amount required for body maintenance and milk pro- 

duction tends to stimulate the cow to a greater yield of milk is shown in 
trials by Lindsey at the Massachusetts Station.** In one test, supplying 
twice the minimum amount of protein required increased the milk flow 
15 per et. Owing to this stimulation of the yield very narrow rations, 
i.e., those rich in protein, are commonly employed when cows are being 

forced to maximum production on official tests. While the yield of milk 
may be thus increased by feeding an excess of protein, Lindsey con- 
cludes from 8 trials that varying amounts of protein do not seem to in- 
fluence the percentage composition of the milk, making it richer or poorer 
in fat, for example. On the other hand, the experiments of the Copen- 
hagen Station,*® covering observations with about 2000 Danish cows and 
extending over ten years, indicate that the fat percentage was possibly 
raised as much as 0.1 per ct. thru the feeding of highly nitrogenous ra- 

tions. Michels of the North Carolina Station®® found the fat content of 

the milk slightly higher when a ration having a nutritive ratio of 1:4.0 

was fed than when the nutritive ratio was 1: 5.7. 

562. Effect of feeding fat—Numerous experiments have been con- 

ducted in this country and Europe to determine the effect on the yield 

and fat content of the milk when various fats are added to the ration. 

After feeding cottonseed-, palm-, corn-, cocoanut-, and oleo-oil, and 

stearin, the solid fat from beef, to cows, Woods of the New Hampshire 

Station 2° concluded that the first effect of such feeding is to increase 

7Mass. Rpt. 1911, I, pp. 86-121. ON, C. Rpt. 1911, pp. 90-97. 

* Copenhagen Sta. Rpt. 45; Woll, Wis. Bul. 116. NSE: Bule20: 
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the percentage of fat in the milk, but with the continuance of such feed- 
ing the milk tends to return to its normal composition. Woods holds that 
the increase in the fat percentage is not due to the oils fed, but to the 
unnatural character of the food. Lindsey of the Massachusetts Station 
likewise found that feeding large quantities of oil, either linseed, cotton- 
seed, corn, or soy bean oil, caused a temporary increase in the micnnees 
of the falc That the Raagtine of fat does not always cause a temporary 
increase in the richness of the milk is shown in 2 trials by Wing at 
the New York (Cornell) Station*? in which tallow was fed to 10 cows 
while on pasture or on winter feed. Beginning with a small amount, the 
allowance of tallow was gradually increased until each cow was consum- 
ing about 2 lbs. daily, this allowance being continued for several weeks. 
The tallow feeding had no uniform effect either on the yield of milk or 
the fat content. During the first 2 or 3 weeks the percentage of fat was 
increased slightly in the case of some animals, but after this the milk 
again became normal in composition. 

563. Effects of feed on fat composition.—The fat of milk is a composite 
of many kinds of fat—palmitin, olein, stearin, butyrin, ete. While the 

kind of feed given the cow does not materially change the percentage of 
total fat in her milk, in some cases it does seem to alter the relative pro- 
portion of the several component fats or otherwise change the character 
or nature of the fat, as shown by the resultant butter. Many years ago 
investigators began to study diligently the influence of various feeds on 

the composition of the fat of milk, and their work is still in progress. 
The results thus far secured are conflicting in some respects, but in gen- 
eral it has been found** that feeds rich in vegetable oils (which contain 
a large amount of olein) produce milk fat high in olein. This usually 

tends to make the butter softer, for olein is a liquid fat, but in some in- 
stances this tendency is offset by still other changes in the composition 

of the fat. Cottonseed and cocoanut meal produce firm, hard butter. 
A change from dry feed to pasture generally produces fat higher in olein 

and results in softer butter. 
564. Withholding lime.—At the Wisconsin Station** Hart, McCollum, 

and Humphrey fed a 1150-lb. cow producing about 30 lbs. of milk daily 
a liberal ration save that it lacked lime. It was found that there went 
into the milk daily about 20 grams of lime (CaO) and into the solid 
excrement and urine, principally the former, about 30 grams, the latter 

loss being due to the normal changes (metabolism) taking place in the 
body. In all, about 50 grams, or nearly 2 ounces, of lime disappeared 
daily from the body of this cow, only one-half of which could have been 
furnished by the lime in the food. During the trial, which lasted 110 

days, this cow maintained a good flow of milk and continued to put the 
normal amount of lime into it. It was calculated that during the trial 

“4Mass. Rpt. 1908, pp. 109-112. “N.Y: (Cornell) Bul.-92. 

*TLindsey, Mass. Rpt. 1908, pp. 109-112; Hunzicker, Ind. Bul. 159. 

“Wis. Res. Bul. 5. 
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she gave off in milk and excrement 5.5 lbs. more lime than she received in 

her food. It was estimated that her skeleton contained about 24.2 lbs. of 
lime at the start, and this being true, this cow gave up in 110 days about 

25 per ct. of all the lime in her skeleton! Here is a striking illustration 
of the overpowering force of maternity. (98, 150) 

565. Turning to pasture——The Copenhagen (Denmark) Station* for 
10 successive years studied the changes in milk when cows are turned 

from winter stables to spring pastures. In all 1,961 fall-calving cows on 

8 different farms were used. During the month before turning to pasture 
the average daily yield was 20.7 lbs. of milk, carrying 3.18 per ct. fat and 

8.73 per et. other solids. For the first month on pasture the average yield 
was 21.2 lbs. of milk, containing 3.37 per ct. fat and 8.92 per ct. other 
solids. Turning to pasture increased the milk flow by over 7 per ect., the 
percentage of fat by about 8 per ct., and the other solids by nearly 2 per 
et. While the increased milk flow was maintained, the percentage of fat 
fell back to normal after the cows had been on grass about 20 days. The 

small increase in solids not fat seems to have been more permanent. 
Humphrey and Woll*® state that during each of 9 seasons the per- 

centage of fat and the yield was increased on turning the Station herd 
to pasture. The average increase in percentage of fat was small in all 

the years, ranging from 0.01 to 0.22 per ct. The increase in average 
daily yield of fat ranged from 0.02 to 0.16 lb. per head daily. During the 

first 2 weeks on pasture the herd lost in body weight each season, the 
average decrease in weight ranging from 1 to 95 Ibs. 

During 3 of 8 seasons Hills of the Vermont Station*’ found no change 
in the percentage of fat in the milk on turning to pasture, in 4 seasons an 

immediate and marked improvement, lasting 2 to 4 weeks, occurred; 
and in the other, a slight tendency toward increase in fat content. 

Linfield of the Utah Station*® observed that cows turned on pasture 
early in the season while the grass was soft and lush lost in weight for 
a short time, due probably to the extreme flushing of the system. This 

result, however, had no effect on the milk production. Where the 

grasses were more mature when the cows were first turned on them no 

material loss in live weight was noted. 

566. Temperature and weather.—F rom 5 tests covering practically the 

entire year and varying conditions of pasture, summer soiling, and win- 

ter barn feeding, Hills of the Vermont Station* concludes that the ten- 

dency both in summer and in winter is for cows to give richer milk when 

the temperature falls and poorer milk as it rises. Cows exposed to cold 

rains shrink in milk flow and may yield milk poor in fat. 

567. Effects of drought—vVan Slyke of the New York (Geneva) Sta- 

tion,’ studying the milk supply of cheese factories during a drought, 

found that the general effect thereof was to diminish the flow of milk 

“Copenhagen Rpt. 45; Woll, Wis. Bul. 116. 

46Wis. Bul. 217. 47Vt. Rpt. 1907. sUtah Bul. 68. #Vt. Rpt. 1907. 

soN. Y. (Geneva) Bul. 68. 
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rapidly. The fat increased, while the casein, and especially the albumin, 
diminished. Tho percentagely small, the aevareee were in the Alireotien 
of giving the milk the appearance of having been watered—a point of 
importance with milk inspectors. 

568. Exercise, work, and grooming.—Dolgich®* found that moderate 
exercise tended to een the quantity of milk and all the constituents 
except casein, which was slightly decreased, while excessive exercise de- 
ereased nearly all the constituents. Light work decreased the quantity 
of both milk and milk solids, while excessive work decidedly decreased 
the flow and injured the quality, the casein not coagulating and some of 
the food-fat appearing unaltered in the milk. (446) 

Hills of the Vermont Station °? found from 3 trials that when cows 
were fatigued by being driven a long distance or shipped by rail the 
flow of milk was lessened temporarily. In some eases the fat content of 

the milk was decreased and in others increased. Hills points out the 
folly of testing cows after transferring to new quarters and before they 
have become rested and accustomed to their surroundings. 

In trials in Germany®* grooming cows caused an increase of 4 to 8 per 

et. in the flow of milk. Hills of the Vermont Station®* found no such in- 
erease in yield due to grooming. However, in the Vermont trial the 
ungroomed cows were never allowed to become so filthy as they do on 
many farms in winter. Tho grooming may not increase the yield of milk, 

it does improve its quality by lessening the bacterial content and is also 
said to improve the health of the animals. 

569. Dehorning, tuberculin testing, and spaying.—Woll and Humphrey 
of the Wisconsin Station,®® studying the results at 11 experiment sta- 

tions, conclude that dehorning dairy cows causes a temporary loss of 
about 8 per ect. in yield of milk and only an insignificant loss in yield of 
butter fat. This is repaid a hundred fold in greater comfort of the herd 
thereafter. The wise dairyman will agree with Beach of the Connecticut 

(Storrs) Station®® who writes after dehorning the Station herd: ‘‘The 
worry, pain, and cruelty of animals to their mates is eliminated when 
these instruments of torture are removed, and the lack of fear and the 

quiet contentment of the individuals of the herd are at once noticeable. 
The benefits from dehorning dairy cattle cannot be accurately measured, 

but there is an almost unanimous opinion in its favor among those who 
have practiced it in their herds.’’ 

Studies at the Wisconsin Station®’ show that subjecting cows to the 
tuberculin test has practically no effect on the ved of milk and butter 

fat. 
Spaying has sometimes been recommended in the case of cows which 

are not to be retained as breeders, it being held that not only is the milk 

‘1 Molkerei Zeitung, 1%, 1903, p. 191. 5 Wis. Rpt. 1905. 

2 ViteeUDieeLo Ula * Conn. (Storrs) Rpt. 1902. 

°8 Backhaus, Jour. Landw., 41, 1893, p. 332. "Wis. Rpt. 1905. 

“Vt. Rpts. 1899, 1900. 
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of spayed cows richer but that the lactation period is also lengthened 12 
to 15 months. Nicolas,°* after continued experiments with spayed and 

unspayed cows, concludes that such practice is not warranted by the 
results. The quality of the milk from spayed cows is better than that of 
non-pregnant cows, but poorer than that of the pregnant cows. 

570. Milking machines.—Because of the difficulty of securing efficient 
hand milkers, the use of milking machines attracts wide-spread interest. 
The various types of machines have now been improved and long-con- 

tinued trials at various stations’? show that when cows are milked with 
the best machines by careful operators and with well-adjusted teat cups 

there is no injurious effect on the yield or quality of the milk, or on the 
health of the animals. While with most cows the machine does not draw 
quite all the milk from the udder and it is necessary to strip by hand, 

nevertheless a considerable saving in time results from the use of ma- 
chines. Hooper and Nutter of the Kentucky Station®® found at the 
Elmendorf dairy that 2 men required 3 hours to milk 50 cows by hand, 
aided by a boy to carry the milk to the milk house. Using 2 units per 
man the men, aided by the boy as before, milked these cows in 1 hour 

and 15 minutes. Later, using 3 units per man, the 2 men alone milked 
the cows in 1 hour and 45 minutes. When the machines are properly 

cleansed and the rubber tubing kept in an antiseptic solution, the sani- 

tary condition of the milk is improved over that ordinarily obtained by 

hand milking. Owing to the first cost of the machines and the labor 

involved in their operation and cleansing, various authorities consider 

machine milking economical under usual conditions only where at least 

15 to 30 cows are milked thruout the year. 

571. Regularity and kindness——For the best results with dairy cows, 

as with other farm animals, they should be treated with kindness at all 

times, and regularity in feeding and care should be observed. Many of 

the highest yielding cows are of nervous temperament, and especially 

with such animals any excitement usually causes a sharp decrease in 

yield. Hence cows being driven should not be hurried and attendants 

should never strike or otherwise abuse them. Changes in the daily 

routine which do not unduly disturb cows apparently have no great effect 

on their yield. Carlyle of the Wisconsin Station found that changing 

milkers had no appreciable effect upon the yield of milk or fat. Lin- 

field®? concludes that any change in milk yield is due to the individuality 

of the milker and not to the mere change of the milkers. Grisdale of the 

Ottawa Experimental Farms found that irregularity in the intervals 

between milkings slightly reduced the quantity and quality of the milk. 

%® Goce, de L’Aliment. Rationelle du Betail, 1898. 

®Mairs, Penn. Bul. 85; Price, Tenn. Bul. 80; Haecker and Little, Nebr. Bul. 

108; Woll and Humphrey, Wis. Res. Bul. 3, also Bul. 173; McMillan, Agr. Gaz., 

N. S. Wales, 22, 1911, pp. 859-868; Smith and Harding, N. Y. (Cornell) Bul. 3538; 

Larsen, White, and Fuller, S. D. Bul. 144; Hooper and Nutter, Ky. Bul. 186. 

“Ky. Bul. 186. ‘1 Wis. Rpt. 1903. Utah Bul. 68. 

°* Ottawa Expt. Farms, Rpts. 1901, 1902. 
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When the changes were not sudden, the effect due to the difference in 

the length of the intervals between the milkings was negligible. 
572. Minor Points.—Lane of the New Jersey Station®* found that 

cows receiving 3 feeds daily consumed more roughage and gave slightly 
more milk than those getting 2 daily, but the increase barely paid for the 
extra labor and feed. Grisdale of the Ottawa Experimental Farms® 
found 2 feeds as effective as 3 in maintaining the milk flow. It is reason- 
able to hold that 2 generous feeds daily are sufficient for the dairy cow 
with her roomy digestive apparatus. (35) 

On feeding cows wet and dry concentrates, Grisdale®* found a small 
difference in favor of the dry feed. 

Hills of the Vermont Station’ holds that it does not usually pay to 
milk cows thrice daily, tho a temporary increase in milk flow is produced 

thereby. Dean of the Ontario Agricultural College®® concludes that such 
practice is not profitable except perhaps in the case of very heavy 
milkers. 

The ‘‘Hegelund method’’ consists in so manipulating the ecow’s udder 

after milking as to bring down all remaining traces of milk. By this 
system, Woll of the Wisconsin Station®® found that the daily milk yield 
of a herd of 24 cows was increased 4.5 per ct. and the fat yield 9.2 per ct. 
The average daily gain per cow of 1 Ib. of milk and nearly 0.1 lb. of fat 
seemed to be maintained thruout the whole lactation period. Wing and 
Foord at the New York (Cornell) Station’? found no advantage in this 
method over thoro stripping by the ordinary method. 

Woodward, Turner, and Curtice of the United States Department of 
Agriculture’ found that when cows which were immune to tick fever 
were infested with ticks the milk yield was reduced 34.2 per et. on ac- 
count of the depletion of the blood. In tick infested districts they advise 
spraying or dipping with an arsenical solution, at least when animals 
are heavily infested. 

573. Flavor, odor, and color. Milk and its products possess qualities 
cognizable only to sight, taste, and smell. The Guernsey breed excels in 

producing a milk with a yellow fat. Pasture grass, soiling crops, car- 
rots, and some other feeding stuffs impart a yellowish tinge to milk 
fat. Due to minute quantities of volatile oils they contain, onions, leeks, 
turnips, rape, ete., impart an objectionable flavor to milk, possibly ap- 
parent to all people, while other flavors are detected by some but pass 
unnoticed by many. When cows are first turned to pasture, we at once 
observe a grass flavor in the milk and butter, tho it soon disappears; but 
whether it has really disappeared or we only fail to notice it, we do not 
know. It is possible that after a time the cow more completely eliminates 
such volatile oils than at first. Bad flavors can be largely avoided by 

s&N. J. Rpt. 1900. 8 Ont. Agr. Col., Rpt. 1898. 

% Ottawa Expt. Farms, Rpt. 1904. ® Wis. Rpt. 1902. 

®& Ottawa Expt. Farms, Rpt. 1901. 7N. Y. (Cornell) Bul. 213. 

Vt. Rpt. 1907. 7U.S. Dept. Agr. Bul. 147. 
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feeding whatever causes them immediately after milking so that the 
volatile oils they furnish, which are the source of the trouble, may the 
more completely escape from the body before the next milking. 

It is further possible that the facility with which flavors and odors 
pass from feed to milk or are eliminated from the body when once with- 
in it varies with different cows. The flavors and aroma of butter are 
mostly due to fermentation of milk sugar, so that this matter rests only 
in part on feeding. 

Sometimes when a cow is far along in lactation her milk grows bitter 
and distasteful. Eckles’* states that so far as he has observed this occurs 
only when the animal is far advanced in pregnancy and rarely happens 

when green feed is supplied. He writes that reducing the grain ration 
and giving 2 or 3 doses of Epsom salts may remove the trouble. 

It is probable that the milk of every cow, aside from the influence of 

feed, possesses a distinctly individual flavor too delicately fine to be ob- 
served by most humans, but plainly noticed by others. It may be that 
in the future, when the grosser problems now perplexing dairymen have 

been solved, it will be found that certain cows yield a peculiarly palat- 
able milk. Should this prove to be the case, then thru selection there 
may be established breeds or families possessing this ultra-refined and 
most desirable quality. 

The whole subject of odors and flavors in milk and dairy products is 
greatly complicated by the fact that there is a wide range in the ability 
of different individuals to detect and distinguish them. Flavors and 

odors plainly evident to one person are unnoticed by another. Often 

odors and flavors charged to feed or cow are due to contamination of the 

milk in the stable or elsewhere, after it is drawn from the cow. 

574. The yellow color of cream and butter.—It is common knowledge 
that cows produce cream and butter which is more deeply colored in 
summer when eating green feeds than in winter, and that Jerseys and 
Guernseys usually produce a yellower product than the other breeds. 
Extensive investigations by Palmer and Eckles at the Missouri Station” 
have at length shown the cause of yellow color in butter fat. They find 

that the color is due to a substance called carotin, so named because it is 
the coloring matter of the carrot. This compound is commonly found in 

green plants along with the green chlorophyll, which masks its color. 
(8) It was found that animals given feeds poor in carotin for long 
periods invariably produced white cream and butter fat, regardless of 
the breed. This shows that the yellow color of Jersey and Guernsey 

butter is not due to any ability of these breeds to manufacture carotin. 

However, when cows of these breeds are given feeds rich in carotin they 
transfer to their milk a larger part of the yellow coloring matter of the 

feed than do cows of the other breeds, and hence produce yellower but- 

ter fat. Green feeds in general were found to be rich in earotin, as well 

2Dairy Cattle and Milk Production, p. 227. 

Mo. Res. Buls. 9, 10, 11, 12; also Cir. 74. 
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as hay of a bright green color and new corn silage. Carrots and other 
yellow roots also contain much of this coloring matter. On the other 

hand, bleached hay, dry corn fodder or stover, straw, old corn silage in 
which the carotin had been destroyed by fermentation, corn, both yellow 

_ and white, and all the common concentrated by-products, such as wheat 
bran, linseed meal, brewers’ grains, ete., were found to be poor in earotin. 
This explains why cows usually produce light-colored butter in winter. 
The color of yellow corn is due to a colored substance other than carotin, 
which does not pass into the milk. 

The yellow color of the body fat and skin of Jerseys and Guernseys 
was found to be due to carotin. This shows why cows of these breeds 
yield a highly colored product for a long time after going on winter 
feed. During such periods the yellow coloring matter in their body fat 
is transferred to the milk. Purchasers often discriminate against beef 
having deeply colored fat, yet this tallow is colored by the same substance 
that gives butter the highly desired yellow color. 



CHAPTER XXII 

FEEDS FOR THE DAIRY COW 

I. CARBONACEOUS CONCENTRATES 

With the high prices now ruling for feed and labor, studies of the 

cost of milk production reveal that on many farms, even where dairy 
cows of good quality are kept, milk is being produced at little or no 
profit to the owner. Yet by a wise selection of feeds and intelligent 
feeding other dairymen secure goodly profits from cows no better. This 

shows emphatically that the feeding of the herd must be given most care- 
ful study and the system of farming so planned that a ration both well- 

balanced in chemical nutrients and otherwise satisfactory may be pro- 
vided at minimum expense. 

575. Indian corn.—Thruout the corn belt Indian corn, a grain highly 
relished by the cow, is usually the cheapest carbonaceous concentrate 
available for the dairy herd. Owing to its wide nutritive ratio corn 
should be used as the sole concentrate only when leguminous roughages 
supply the lacking protein, and even then more variety in the ration is 
better. (201) At the Illinois Station? Fraser and Hayden fed 1 lot of 10 

cows for 131 days on the well-balanced ration shown in the table, in which 
gluten feed and clover hay furnished the protein necessary to balance 
the ground corn and corn silage. Another lot was fed corn as the sole 
concentrate, with corn silage, timothy hay, and a small amount of clover 
hay for roughage, as is indicated in the table: 

Corn requires supplement for feeding dairy cows 
Nutritive Average daily yield 

Average ration ratio Milk Fat 

Lot I, Balanced ration Lbs. Lbs. 
Ground corn, 3.3 Ibs. Clover hay, 8 lbs. 
Gluten feed, 4.7 Ibs. | Corn silage, 30 lbs....... 1: 6 30.1 0.96 

Lot II, Unbalanced ration 
Ground corn, 8 lbs. Timothy hay, 5 Ibs. 

Clover hay, 3 lbs. 
Corn silage, 30 Ibs........ eal 20 .5 0.69 

As soon as Lot II was changed from the excellent ration they had 
previously been fed to the unbalanced ration shown in the table, which 
had a nutritive ratio of 1:11, they fell off sharply in production. While 
the cows in Lot I were seldom off feed, this occurred frequently in Lot 
II. During the trial the cows in Lot I produced 47 per et. more milk and 

39 per ct. more fat than those in Lot II. 
At the Maryland Station? Patterson fed cows on corn meal with corn 

Tie Bul 5o: ?Md. Bul. 84. 
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fodder and soilage corn as the chief roughages during the entire lac- 
tation period, while others were given a well-balanced ration of gluten 
feed, wheat bran, and corn meal, with the same roughages. The next 
year the rations were reversed so that each cow was on both sides of the 
trial. On the unbalanced ration containing corn meal as the sole con- 
centrate the average annual yield of the cows was only 3,150 Ibs. of milk 
or 152 lbs. of butter. When the protein-rich concentrate mixture was 
fed the yield of milk was increased 33 per ct. and that of butter over 45 
per ct. These trials show the folly of expecting profitable production 
from such unbalanced rations, even tho they may be palatable. 

576, Corn meal; corn-and-cob meal.—Corn is commonly ground for the 
dairy cow (423), but sometimes ear or shock corn is fed. When other 
bulky concentrates are not furnished it may be advisable to feed this 
grain in the form of corn-and-cob meal. Lane of the New Jersey Sta- 
tion*® secured 9.4 per ct. more milk when feeding corn-and-cob meal as 
half the concentrate allowance than when an equal weight, including 
cob, of ear corn was fed. Cook of the same Station* found corn-and-cob 
meal of slightly lower value than an equal weight of corn meal. (208) 

577. Hominy feed.—This carbohydrate-rich by-product, quite similar 

to corn in composition, compares favorably in feeding value with this 
grain. (213) Like corn it must be supplemented by feeds rich in pro- 
tein. 

578. Wheat.—Wheat, which is usually too high priced for feeding 
except when low in quality, has about the same value for cows as corn. 
This is shown in a trial by Bartlett at the Maine Station’ in which 6 
cows were fed by the reversal method for three 21-day periods. When 
5 Ibs. of wheat meal replaced an equal weight of corn meal in the ration 
the returns in milk and fat were practically unchanged. 

At the Copenhagen (Denmark) Station Friis* compared ground wheat 
with a mixture of equal parts of ground barley and oats in trials on 6 
farms. When fed with a basal ration of 3.3 lbs. wheat bran, 1.8 lbs. oil 
cake, 30 lbs. mangels, 10 lbs. hay, and straw without limit, 5.2 Ibs. of 
wheat was fully equal in value to the same weight of mixed barley and 
oats. Wheat should be ground or preferably rolled for cows. (215) 

579. Oats—This grain, which supplies somewhat more protein than 
does corn or wheat, is an excellent feed for the dairy cow. However, 

owing to the high price of oats, most dairymen cannot economically use 
them in any large way. Usually the various concentrate by-products 

are cheaper sources of crude protein, while corn furnishes carbohydrates 
at less expense. The value of this grain is well shown in the following 
table, which presents the results secured by Woll at the Wisconsin Sta- 
tion’ on feeding 4 cows for 2 alternate 21-day periods on rations of 6 Ibs. 
clover hay and corn stover without limit for roughage, with the concen- 

trate allowances indicated : 

®N. J. Bul. 84. 5Me. Rpt. 1895. 7Wis. Rpt. 1890. 

4N. J. Rpt. 25, pp. 159-167. °Copenhagen Sta., 34th Rpt., 1895. 
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Ground oats vs. wheat bran for dairy cows 
Average daily yi 

Average concentrate allowance ‘Milk a SE oe 

I. Ground oats, 10 lbs. Corn meal, 2 Ibs..........:.. 235 1.03 
tie Wheat bran, 10ibss ‘Cornmeal, 2)lbsi224--.5.0 oe 20.8 0.93 

When fed oats in place of wheat bran, the cows produced 12 per ct. 
more milk and 11 per ct. more fat. It should, however, be remembered 

that bran is much higher in digestible crude protein than oats and hence 

will be more efficient than this grain in balancing a ration deficient in 
this nutrient. Lindsey of the Massachusetts Station® found that when 
fed with a basal ration of 3.2 lbs. bran and 19.1 lbs. mixed hay, 4.5 Ibs. 
oats was equal to the same weight of corn meal for milk production. 

580. Barley.—Barley is fed to dairy cows to a considerable extent in 
Europe and has a reputation for producing milk and butter of excellent 
quality. The Danes regard ground barley and oats as one of the best 

concentrate mixtures for dairy cows. Judging from the composition of 
barley and the results of trials with other animals (226), it would seem 
that the value of barley for the dairy cow would be slightly lower than 

that of corn per pound, but the Scandinavians consider these grains of 

practically equal value. 
581. Rye.—Large allowances of rye produce a hard, dry butter, but 

about 2.2 to 3.3 Ibs. per head daily mixed with other feeds has given good 
results.2 At the Pennsylvania Station’? Hayward fed 3 cows a basal 
ration of 2.5 Ibs. cottonseed meal, 2.0 Ibs. linseed meal, and 12 Ibs. tim- 
othy hay and supplied in addition 3.5 Ibs. of either rye meal or corn 

meal during 3 periods of 35 days each. Four per ct. less milk and 5 per 

ct. less butter was produced on the ration containing rye, indicating 
that rye meal is somewhat less valuable than corn meal for the dairy 

cow. (232) 
582. Emmer.—Wilson and Skinner of the South Dakota Station," 

when feeding brome hay and corn silage for roughage, found that cows 

produced 1 Ib. of butter fat for each 15.5 Ibs. of corn or barley meal 

fed, while 17.5 lbs. of ground emmer (spelt) were required, a difference 

of 13 per et. in favor of barley or corn meal. (233) 

583, Kafir meal.—_In a trial with 18 cows for 7 weeks, Cottrell and 

Skinner of the Kansas Station’? found that 8 lbs. of kafir meal and 

20 Ibs. of alfalfa hay made the cheapest dairy ration for Kansas con- 

ditions. When fed with prairie, timothy, or sorghum hay or with corn 

fodder, kafir tends to dry up the cows, and if fed abundantly to fatten 

them, as would be expected from the unbalanced nature of the ration. 

237 
an Sorghum meal.—During three 20-day periods Cook of the New 

Jersey Station?® fed cows rations composed of 5 lbs. corn stover, 20 lbs. 

wet brewers’ grains, 5 Ibs. bran, and 9 lbs. of either corn meal or meal 

8 Mass. Rpt. 1913, Part I, pp. 141-153. 

*Pott, Handb. Ernahr. u. Futter., II, 1907, p. 451. 
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from seed of sweet sorghum, for each 1000 lbs. live weight. When the 

sorghum meal ration was fed the yield of milk was about 10 per ct. 
less than when the corn meal was supplied. (241) 

585. Dried beet pulp—rThis bulky carbonaceous concentrate has be- 
come popular with dairymen, especially those feeding cows on forced 
test, on account of its slightly laxative and cooling effect. At the 
Massachusetts Station'* Lindsey found 4.3 lbs. of dried beet pulp equal 
to the same weight of corn meal when fed with a basal ration of 2.0 lbs. 
wheat bran, 0.7 lb. cottonseed meal, and 17 Ibs. mixed hay. (275) 

Where silage is not available, dried beet pulp, moistened before 
feeding, as it should always be when a large allowance is fed, is a satis- 

factory, tho usually expensive, substitute. This is shown in a trial by 
Billings at the New Jersey Station’ in which 2 lots each of 2 cows were 
fed the rations shown below alternately for two 15-day periods: 

Dried beet pulp as a substitute for corn silage 
Average daily yield 

Average ration ilk Fat 
Lbs. Lbs. 

I. Dried beet pulp, 9 lbs. 
Mixed hay, 10 lbs. Rich concentrates, 10.5 lbs... .. . 33.6 1.39 

II. Corn silage, 45 lbs. 
Mixed hay, 5 lbs. Rich concentrates, 10.5 lbs... ... 30 .2 I 5 

Where 9 lbs. of dried beet pulp and 5 lbs. mixed hay replaced 45 lbs. 
of corn silage, the cows gave 11 per ct. more milk and butter. 

586. Dried molasses-beet pulp.—Billings of the New Jersey** and 
Lindsey of the Massachusetts Station’’ found dried molasses-beet pulp 
about equal in feeding value to dried beet pulp for dairy cows. In a 
trial by Billings dried molasses-beet pulp proved almost as valuable as 
an equal weight of hominy meal, the cows eating the dried molasses-beet 
pulp with more eagerness and remaining in better health. The milk 
from cows fed on dried molasses-beet pulp at first had a sweet taste, 
which soon passed away. Since both dried beet pulp and molasses-beet 
pulp are low in protein, they should not be fed as substitutes for protein- 
rich feeds, as has often been done. (277) 

587. Whey.—At the Kiel Dairy Station’® Schrodt fed cows a ration 
of 11 lbs. clover hay, 5.5 Ibs. barley straw, 10 lbs. mangels, 5.5 lbs. wheat 

bran, and 2.2 lbs. palmnut meal. During one period 11 lbs. of sweet 
whey was fed, and during another, 22 lbs. The whey had a favorable 
influence on the quantity of milk yielded, and no deleterious effect on 
the quality of the butter. (268) 

Il. Protr1n-RicH CONCENTRATES 

588. Wheat bran.—This palatable, bulky concentrate is one of the 
most esteemed feeds for the dairy cow, for it is quite high in crude 

4 Mass. Rpt. 1918, Part I, pp. 129-140. 7”Mass. Rpt. 1913, Part I, pp. 129-140. 
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protein, is rich in phosphorus, and has a beneficial laxative effect on 
the digestive tract. (218) Owing to its popularity, bran is usually high 
in price, considering the amount of crude protein it furnishes. Other 
by-products, such as gluten feed, dried brewers’ grains, and cottonseed 
meal, which are richer in digestible crude protein, are therefore usually 

more economical sources of protein for balancing the ration. Under 

many conditions it is accordingly best to feed bran only in limited 

amount for its beneficial effect on the health of the animals, rather than 

as the chief source of crude protein in the ration. This concentrate is 
especially valuable for cows just before and after calving, for those on 

official test, and for young, growing animals. 

In feeding trials with 447 cows on several Danish farms the Copen- 
hagen Station!® found wheat bran fed as the sole concentrate fully equal 
to a mixture of equal parts of ground barley and oats. Bran, however, 

should rarely be so fed, but always in combination with some feed rich 

in carbohydrates, such as corn, rye, barley, ete., and with some legume 

roughage to furnish lime, which it lacks. (98) 
589. Wheat shorts; wheat middlings; wheat mixed feed.—Tho higher 

in digestible erude protein than wheat bran, shorts or middlings are less 

palatable and are heavy, rather than bulky feeds. ‘They should hence be 

fed to dairy cows only in limited amounts mixed with other con- 

centrates. The Copenhagen Station’? secured slightly larger returns 

from wheat shorts than from wheat bran in trials with 240 cows. (220) 

On account of its higher content of digestible protein and carbo- 

hydrates Smith and Beals of the Massachusetts Station** rate the value 

of a good grade of wheat mixed feed at 10 per ct. more than that of 

bran. 
590. Corn gluten feed.—This by-product, which contains about twice 

as much digestible crude protein as wheat bran and is not a very heavy 

feed, is a valuable concentrate for the dairy cow. In a trial at the 

Vermont Station?? with 2 cows fed by the reversal method in 18-day 

periods, Cooke found that when 4 lbs. of gluten feed replaced an equal 

weight of a mixture of wheat bran and corn meal the yield of milk was 

inereased 15 per ct. and of fat 16 per ct. (210) 

591. Gluten meal.—tIlills of the Vermont Station** fed 6 cows for 

20 weeks, comparing gluten meal with a mixture of equal parts of corn 

meal and wheat bran. He found that 100 lbs. of dry matter in the 

form of gluten meal, substituted for an equal amount of dry matter in 

a mixture of equal parts corn meal and wheat bran, increased the yield 

of milk and total solids 12.5 per et. (211) 

592. Germ oil meal.—In a feeding trial with 4 cows at the Vermont 

Station?* Hills compared a mixture of equal parts of germ oil meal and 

wheat bran with one composed of 1 part cottonseed meal, 1 part linseed 

meal, and 2 parts wheat bran. In a second trial the germ oil meal and 

“Copenhagen Sta., Rpt. 1894. “1 Mass. Bul. 146. 2 Vt. Rpt. 1895. 

2» Copenhagen Sta., Rpt. 1894, “Vt. Rpt. 1892. 4Vt, Rpt. 1901. 
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bran mixture was compared with ground oats. The roughage consisted 
of mixed hay and corn silage. In both trials the returns were in favor of 
the germ oil meal. (212) 

593. Dried brewers’ grains—To compare the value of dried brewers’ 
grains and wheat bran Lindsey of the Massachusetts Station” fed a lot 
of 4 cows and one of 3 cows by the reversal method for two 28-day 
periods. All were given a daily roughage allowance of 26.2 lbs. corn 
silage and about 12.4 lbs. bluegrass hay, with concentrates as shown 
below : 

Dried brewers’ grains vs. wheat bran for dairy cows 

radia 
Lbs. Lbs. 

I. Dried brewers’ grains, 4.3 Ibs. Gluten feed, 3.0 lbs.. 21.4 ib pal 
II. Wheat bran, 4.4 lbs. Gluten fed, 3.0 Ibs. . 20.8 Hol 

ield 
Average concentrate allowance ¥: 

The results show dried brewers’ grains somewhat superior to wheat 
bran for milk production. Hills of the Vermont Station*® found dried 
brewers’ grains and wheat bran equal in feeding value to a mixture of 
cottonseed meal, linseed meal, and wheat bran. (228) 

594. Malt sprouts.—Tho not especially palatable, malt sprouts may 
be successfully fed to dairy cows when mixed with other feeds, and are 
often a cheap source of protein. When over 2 lbs. daily is fed, they 
should be soaked before feeding in order to avoid digestive disturbances, 
as they swell greatly on absorbing water. 

Lindsey of the Massachusetts Station’? fed 2 lbs. malt sprouts against 
1.5 lbs. gluten feed to cows getting a basal ration of 10 Ibs. of Kentucky 
bluegrass hay, 10.4 lbs. rowen hay, 2 lbs. wheat bran, and 1 Jb. corn 
meal, with the following results: 

Malt sprouts vs. gluten feed for dary cows 
Average daily yield 

Average ration Milk Pat 
Lbs. Lbs. 

Ration I. Malt sprouts, 2.0 lbs. Basalration............. 18.1 0.89 
Ration II. Gluten feed, 1.5lbs. Basalration............. 18.2 0.91 

It will be seen that 2 lbs. of malt sprouts were about equal to 1.5 lbs. 

of gluten feed. Lindsey** states that an excess of malt sprouts should 
be avoided as they are deficient in lime and also may cause abortion 
when fed in large amounts. According to Pott*? feeding over 3.3 lbs. 
per head daily may impart an aromatic, bitter taste to the milk. When 
making up half to two-thirds the concentrate allowance Hills of the 
Vermont Station®® found malt sprouts of lower value than oats. 

595. Buckwheat middlings.—Hills of the Vermont Station*? reports 
that cows fed buckwheat middlings produced 8 to 11 per ct. more milk 

> Mass. Bul. 94. *Mass. Rpt. 1911, Part II, p. 83. 

*Vt. Rpt. 1903. “Handb. Ernahr. u. Futter., III, 1909, p. 225. 

7 Mass. Bul. 94. “Vt. Rpt. 1902. *Vt. Rpts. 1900, 1907. 
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than on an equal weight of a mixture of equal parts corn and wheat bran. 
When fed as the sole cncentrate, the cows did not usually relish 
buckwheat middlings, and the quality of the butter was somewhat im- 

paired. Hayward and Weld of the Pennsylvania Station®? found buck- 
wheat middlings and dried brewers’ grains equally valuable for dairy 

cows when judiciously fed as part of a balanced ration. When thus fed 
neither of these feeds had a detrimental effect upon the flavor or quality 
of the milk or butter. (244) 

596, Cottonseed meal.—tExperience has shown that cottonseed meal 

may be fed to dairy cows in properly balanced rations for years with no 
ill effects. This is most fortunate since this highly nitrogenous feed is 

usually the cheapest source of protein in the South and often likewise 
in the North. Since cottonseed meal is constipating it should be fed 
with laxative concentrates, such as linseed meal or wheat bran, or with 

succulent feed, such as silage or roots. The milk of cows heavily fed 
on cotton seed or cottonseed meal yields a hard, tallowy butter, light in 

color and poor in flavor. If a moderate allowance is fed in a properly 
balanced ration the quality is not impaired and may even be improved 
if the other feeds tend to produce a soft butter. (562) This feed is used 
as the sole concentrate on many southern farms, a practice which is 
safe when only a limited allowance is given. Soule of the Georgia Sta- 
tion®? reports that for several years the station dairy herd has been fed 2 

to 3 Ibs. of cottonseed meal per head daily with Bermuda grass pasture 
in summer and corn and sorghum silage in the winter with satisfactory 

results. The custom has been to feed 2 lbs. to a 700- to 800-lb. cow 
giving 1.5 to 2 gallons of milk and somewhat more to the heavier pro- 
ducers, but rarely is over 3 lbs. of meal fed. Michels and Burgess of 

the South Carolina Station®* found cottonseed meal and corn silage by 

far the cheapest ration available for dairy cows under prevailing con- 

ditions. 
Since cottonseed meal is a highly nitrogenous, heavy feed, when a large 

allowance is given the meal should be mixed with feeds which are bulky 

and lower in crude protein. MeNutt of the North Carolina Station* 

found a mixture of equal parts cottonseed meal, dried beet pulp, and 

dried distillers’ grains highly satisfactory when fed with corn silage. 

A mixture of cottonseed meal, corn meal, and wheat bran was also satis- 

factory, but more expensive. During 4 years McNutt fed as much as 

6 lbs. of cottonseed meal per head daily to large cows for extended 

periods, without any unfavorable results when it was given in such a 

mixture as this and with silage for roughage. At the Texas Station*® 

in trials lasting 56 days with 18 cows Soule found that 6 lbs. of cotton- 

seed meal fed daily as the sole concentrate proved more effective and 

gave larger profits than allowances of 7 to 10 Ibs. (250) 

Penn. Bul. 41. *% Proc. Amer. Soc. Anim. Prod. 1914. 

%Breeder’s Gazette, 62, 1912, p. 217. Texas Bul. 47. 

“S.C. Bul. 131. 
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597. Cottonseed meal vs. other concentrates—At the South Carolina 
Station*’ Michels and Burgess fed 21 cows for 3 alternate 27-day periods 
on a ration of 32 to 35 Ibs. corn silage (all they would consume) with 
wheat bran and cottonseed meal in addition as is indicated in the follow- 
ing table. In Period II, 5.1 Ibs. of cottonseed meal was fed as the sole 
concentrate, while in Periods I and III, 3.4 lbs. of wheat bran replaced 
1.7 lbs. of cottonseed meal. 

At the New Jersey Station** Lane fed 4 cows for 66 days on a ration 
of 36 Ibs. corn silage and 6 lbs. corn stalks, with either cottonseed meal 

alone or a mixture of equal parts of wheat bran and dried brewers’ 
grains for the concentrate allowance, as shown in the table: 

Cottonseed meal vs. wheat bran and dried brewers’ grains 

Average daily yield 
Milk Fat Average concentrate allowance 
Lbs. Lbs. 

South Carolina Station 
Wottonscedsmesl sali se sera s keto berate Se Nevo y oot eke 16.4 
Wheat bran, 3.4 lbs. Cottonseed meal, 3.4 Ibs.......... 15.9 

New Jersey Station 
Cottonseedumeal M4 Oillbsieey sate Nae nea tI AA ern | 22.7 0.96 
Wheat bran, 5 lbs. Dried brewers’ grains, 5 Ibs........ 23 .9 

6 
5) 

From the South Carolina trial we learn that when 1.7 lbs. of cotton- 
seed meal was replaced by 3.4 lbs. of wheat bran the yield of milk and 
fat was slightly decreased. In the New Jersey trial, where corn silage 
and corn stover formed the roughage, 4.5 Ibs. of cottonseed meal did 

not prove quite equal to 10 lbs. of a mixture of wheat bran and dried 
brewers’ grains. Michels concludes that 1 lb. of cottonseed meal is equal 
to 2 lbs. of wheat bran for milk production, while Moore of the Missis- 
sippi Station®® holds that 1 lb. of cottonseed meal is only equal to 1.5 lbs. 
of wheat bran. 

In a feeding trial with 24 cows lasting 120 days at the Virginia Sta- 
tion,*® Soule and Fain, comparing cottonseed meal and gluten meal, 
found that the relative amount of digestible crude protein contained in 
these feeds was a fair measure of their feeding value. 

598. Cold-pressed cottonseed cake; cotton seed.—In a trial with dairy 
cows Lee and Woodward of the Louisiana Station* found cold-pressed 
cottonseed cake less valuable for milk and butter production than an 

equal weight of a mixture of two parts of meal and one of hulls. They 
conclude that the chemical composition of cold-pressed cottonseed cake is 
a reliable indication of its feeding value. With cottonseed meal at $30 

per ton and hulls at $5 they estimate that cold-pressed cottonseed cake 
is worth $21.65 per ton. (248) Moore of the Mississippi Station*? found 
100 lbs. of cottonseed meal equal to 171 lbs. of cotton seed in feeding 
value for dairy cows. (245) 

a S.C Bubgilt. *° Miss. Bul. 70. “La. Bul. 110. 

®N,. J. Rpt. 1903. “Va. Bul. 156. “Miss. Bul. 60. 
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599. Linseed meal.—This slightly laxative, cooling, nitrogenous con- 

centrate is one of the best dairy feeds, but owing to its popularity is 
often too high in price to furnish protein as cheaply as some of the other 
feeds which are usually available. Even then 1 to 2 lbs. per head daily 

is often advisable on account of its tonic and laxative effect, especially 
with cows out of condition or those soon to freshen. 

To compare the value of linseed and cottonseed meal Waters and Hess 
conducted a trial at the Pennsylvania Station*® with 9 cows fed for 2 

alternate 30-day periods. The cows were fed 9.3 lbs. corn stover per head 
daily with the concentrate allowances shown in the table: 

Linseed vs. cottonseed meal for dairy cows 
Average daily yield 

Average concentrate allowance Milk Fat 
Lbs. Lbs. 

I. Linseed meal, 6.0 Ibs. Chopped wheat, 6.0 Ibs...... Isl 0.78 
IT. Cottonseed meal, 5.3 Ibs. Chopped wheat, 6.7 lbs...... (622 OeaG 

The cows receiving the cottonseed meal produced somewhat more milk 

but no more fat than those getting linseed meal. Hills of the Vermont‘ 
and Michels of the North Carolina Station*® also found cottonseed meal 
of slightly higher value than linseed meal as a source of protein. Michels 
concludes, however, that no farmer should hesitate to use a small 

amount of linseed meal at any time for animals whose health will be 

benefited thereby. Linseed meal tends to produce a soft butter and 
therefore may sometimes be advantageously fed in rations which would 
otherwise produce a tallowy product. (254) 

600. Soybeans.—The relative value of ground soybeans and cottonseed 

meal for milk production was tested by Price at the Tennessee Station*® 
with 2 lots each of four 2- and 3-year old heifers, fed the following 
rations alternately during three 30-day periods: 

Ground soybeans vs. cottonseed meal for dairy cows 
Average daily yield 

Average ration Mil Fat 
Ration Wf Lbs. Lbs. 

Ground soybeans, 2.3 lbs. Corn silage, 24.7 lbs. 
Corn-and-cob meal, 2.3 lbs. Alfalfa hay, 10.3 lbs........ 14.4 0.81 o 

Ration II 
Cottonseed meal, 2.3 Ibs. Corn silage, 23 .5 lbs. 

2.31 Corn-and-cob meal, 2.3 lbs. Alfalfa hay, 10.0 lbs........ 13.6 Ona 

It is shown that ground soybeans gave slightly better results than 

cottonseed meal. 

At the Massachusetts (Hatch) Station’? 2 lots of 4 cows each were 
fed 6 weeks by the reversal method. To a basal ration of hay, silage, 
and bran, an allowance of either ground soybeans or cottonseed meal 
was added in practically equal amounts. The ground soybeans proved 

43Penn. Rpt. 1895. SN. C. Rpt. 33, 1910, \p. 29. “Mass. (Hatch) Rpt. 1894. 

“Vt Rpt. 1907: “Tenn. Bul. 80. 
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slightly superior to the cottonseed meal as a milk and fat producer, and 
the butter was of better quality. 

Cook of the New Jersey Station** found 3.4 lbs. of ground soybeans 
slightly superior to the same weight of cottonseed meal when fed with 
3.4 lbs. corn-and-cob meal and 2.3 Ibs. dried beet pulp with silage, soilage, 
and hay for roughage. ; 

Otis of the Kansas Station*® found that when soybeans formed one- 
half the concentrates, the butter from such feeding was so soft that it 

was impossible to work it satisfactorily even tho chilled with ice water. 
This can be prevented by the addition to the ration of cottonseed meal, 
which tends to produce hard butter. (256) 

601. Soybean cake.—Gilchrist’® of the Armstrong College, England, 
found soybean cake slightly superior to cottonseed cake for milk pro- 
duction. In an experiment lasting 6 weeks Hansen of the Royal Agri- 
cultural Academy, Germany,°*! found soybean cake and linseed cake of 

practically equal value for milk production when added to a basal ration 
of hay, bran, and sugar-beet chips. Tho a daily allowance of 4 to 7 Ibs. 
of soybean cake was fed, no ill effects resulted. 

Lindsey of the Massachusetts Station®? found that soybean meal from 
which the oil had been extracted did not modify the composition of the 
milk nor exert a marked influence on the body of the butter. Feeding 

soybean oil temporarily increased the percentage of fat in the milk and 
produced a softer, more yielding butter. 

In view of the vast importance of the soybean in the Orient and its 
rapidly increasing use in Europe and America, these trials are signifi- 
cant and suggestive. (257) 

602. Cocoanut meal.—Lindsey of the Massachusetts Station®* reports 
that when fed with a basal ration of 20 lbs. mixed hay and 3.5 lbs. wheat 

bran, 3.7 lbs. of cocoanut meal produced substantially the same amount 
of milk as when an equal weight of gluten feed was fed. The yield of 

butter fat was 6 per ct. greater on the cocoanut meal ration, possibly due 
to the oil in the meal causing a more or less temporary increase in the 
fat content of the milk, a finding also reported by European investi- 
gators. (562) Scott of the Florida Station®* concludes from a feeding 
trial that a unit of protein from cocoanut meal is nearly, tho not quite, 
equal to a unit of protein in cottonseed meal for milk production. A 
limited amount of cocoanut meal produces a firm butter of excellent 

quality, but when fed in excess of 3 to 4 lbs. per head daily it may make 

too hard a butter. (260) 
603. Mixed oil cakes vs. grain—European dairymen make wide use of 

the various oil cakes, employing not only cottonseed, linseed, soybean, 

and cocoanut cake, but also such by-products as palm-nut, sunflower- 

SN. J. Rpt. 1913, pp. 293-316. 52Vass. Rpt. 1908. 

4 Kan. Bul. 125. 53\Viass. Bul. 155. 
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seed, hemp-seed, and rape-seed cakes, which are practically unknown to 
American feeders. In trials with 240 cows on Danish farms the Copen- 
hagen Station found that when a mixture of equal parts by weight of 
palm-nut, rape-seed, and sunflower-seed cake was substituted for the 
same amount of mixed barley and oats there was a marked gain in yield 
of milk, provided the oil-cake mixture did not form more than half the 
concentrate allowance. For every 100 lbs. of oil-cake which was substi- 
tuted in the ration, there was a gain of 66 lbs. of milk. These trials 
well illustrate the high value of oil cakes and meals for milk production. 

604. Velvet bean.—Scott of the Florida Station®® found that cows 
produced as much milk when fed a ration of 4.3 Ibs. velvet beans in 
the pod, 10 lbs. wheat bran, and 24.5 lbs. Japanese cane silage as when 

given a ration of 3 lbs. cottonseed meal, 10 lbs. bran, and 34 lbs. cane 

silage. Hence 4.3 lbs. of velvet beans in the pod were fully equal to 3 
Ibs. of cottonseed meal. Scott reports that the Florida farmer can pro- 
duce about 5 tons of velvet beans in the pod for the cost of 1 ton of 
cottonseed meal. (361) 

605. Dried distillers’ grains.—Dried distillers’ grains, which are about 

as bulky as wheat bran, are extensively employed for feeding dairy 

cattle. Lindsey of the Massachusetts Station®® compared this concen- 
trate with gluten feed in trials with 6 cows, covering 2 alternate periods 
of 4 weeks each. The following table shows the concentrate allowance 

fed during each period, the roughage thruout the trial consisting of 10.7 
lbs. bluegrass hay and 10.7 lbs. rowen hay per head daily : 

Dried distillers’ grains vs. gluten feed 

Average daily yield 
1 Fat Average concentrate allowance Milk 

Lbs. Lbs. 

I. Dried distillers’ grains, 3.7 lbs. Wheat bran, 3.0 lbs. 25.8 1.23 
II. Gluten feed, 3.7 lbs. Wheat bran, 3.0 lbs. 24.3 Tess 

The ration containing dried distillers’ grains produced 6 per ct. more 
milk than that containing the gluten feed. Hills** of the Vermont Sta- 

tion similarly found that dried distillers’ grains produced 5 per ct. more 
product than dried brewers’ grains. A mixture of 1 part wheat bran 

and 2 parts dried distillers’ grains produced 4 per ct. more milk and 
fat than did dried distillers’ grains alone. Dried distillers’ grains pro- 
duced one-eighth more milk and one-sixth more fat than a mixture of 
equal parts of corn meal and bran. Dried distillers’ grains and cotton- 

seed meal proved equally efficient. Dried distillers’ rye grains made 
less milk and butter than did the alcohol grains. Armsby and Risser of 
the Pennsylvania Station®* found that the substitution of dried distillers’ 
grains for an equal weight of a mixture of 3 lbs. of cottonseed meal 

and 2.5 lbs. of corn meal caused a slight increase in the milk yield. The 

butter from the distillers’-grains ration was not quite as high in quality 

so Wla, Bul. 114. Vass. Bul. 94. Vt. Rpt. 190%. 5s Penn. Bul. 73. 
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as that from the cottonseed meal ration. On the other hand, Billings 
of the New Jersey Station®® reports that the butter from cows fed dried 
distillers’ grains was firm, of good flavor and texture, and very market- 
able. (282) 

Hooper of the Kentucky Station® states that some cows must become 
accustomed to the slightly sour smell and taste of dried distillers’ grains 
before they will eat large allowances. While some cows would readily 
consume 4 lbs. per head daily when mixed with corn meal, it was neces- 
sary to mix the grains with silage to get others to consume them at all. 

606. Cereal by-products vs. pure grains.——To determine whether the 
digestible matter in such by-products as dried brewers’ grains, malt 
sprouts, and gluten feed are as valuable as the digestible matter of the 
pure grains, Jordan and Jenter of the New York (Geneva) Station 

fed the following rations to 2 lots each of 5 cows for 9 weeks: 

Comparison of grains and cereal by-products for milk production 
Digestible Daily Dig. nutrients 
nutrients yield of eaten for 1 lb. 

Average ration eaten daily milk solids milksolids 

Ration I Lbs. Lbs. Lbs. 

Ground oats, 5 lbs. Timothy hay, 5 Ibs. 
Ground peas, 6 lbs. Corn silage, 40 Ibs... 15.3 2.7 5.6 

Ration II 
Malt sprouts, 2 Ibs. 
Dried brewers’ grains, 3 lbs. Timothy hay, 15 lbs. 
Gluten feed, 3 Ibs. Corn silage, 25 lbs. 14.1 DY sil 5.2 

The table shows that the ration containing malt sprouts, brewers’ 
grains, and gluten feed was rather more efficient for milk production 
than one of oats and peas, containing slightly more digestible matter. 

607. Skim milk.—Beach and Clark of the Connecticut (Storrs) Sta- 
tion®? found that when sweet separator skim milk was offered to the 
herd of 24 cows, only 4 would drink it, even tho water was withheld for 

48 hours and grain was mixed with the milk. Skim milk was substituted 
for half the grain in the ration at the rate of 8 lbs. of milk for 1 of 
concentrates, and about 1 ton of milk was fed to each of the 4 cows. 
Feeding the skim milk caused a small increase in milk flow and a saving 
of grain, which, taken together, gave to the milk so fed a value of 19 
cents per ewt., which is less than pigs would have returned. (266) 

608. Blood meal; flesh meal; fish scrap— Blood meal proved equal to 
twice the weight of cottonseed meal in a trial by Lindsey at the Massa- 
chusetts Station®* in which cows were fed either 1.1 lbs. of blood meal 
or 2.2 lbs. of cottonseed meal with a basal ration of 4 lbs. hominy meal, 
3 lbs. wheat bran, and 20 lbs. of mixed clover and bluegrass hay. The 

blood meal produced no objectionable flavor in the milk and when mixed 

2N. J. Rpt. 1907. ® Conn. (Storrs) Rpt. 1904. 
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with the other concentrates was readily consumed. Lindsey believes that 
the allowance should be restricted to 1 or 2 lbs. per head daily. (271) 

Dairy cows may be accustomed to eating flesh meal, which is some- 

what similar to the tankage or meat meal of this country, by mixing a 
small amount with well-liked concentrates. European investigators do 
not recommend feeding over 2.2 to 2.8 lbs. daily per 1,000 lbs. live weight. 
In a trial by Schrodt and Peters, bran and rape cake were gradually 
replaced by equal quantities of flesh meal until the allowance of the 

latter reached 2.2 lbs. per head daily.*t The cows learned to relish the 
meal and the yield of milk and fat was increased. (270) 

Fish meal from which the fat had been extracted proved equal to 

cottonseed meal in trials by Isaachsen® with 20 cows. Kiihn*® states 

that a daily allowance of 2.3 Ibs. of fish scrap produced no deleterious 
effect on the milk. (272) 

III. Hay From tHE LEGUMES 

609. Legume hay for the dairy cow.—Almost everywhere in America 
the Indian-corn plant provides the cheapest, most abundant, and most 

palatable carbohydrates the farmer can produce, but it falls short in 

furnishing protein, so vital in milk production. Happily, at least one 
of the legumes—alfalfa, clover, cowpeas, or vetch—can be grown on 
every American farm to supply the deficiency. The dairyman who grows 
great crops of corn for silage must also have broad fields of clover, 

alfalfa, or some other legume to help round out the ration. High in 

erude protein and mineral matter, especially me, the legume hays are 

of great importance in reducing the amount of expensive protein-rich 
concentrates needed to provide a properly balanced ration for the dairy 

cow. The following articles show that when an abundance of legume 
hay of good quality and silage from well-matured corn is supplied, only 

half as much concentrates need be fed as when only carbonaceous rough- 
ages are used. Indeed, for cows of moderate productive capacity a 
ration of legume hay and corn or sorghum silage alone is often the most 

economical ration that can be furnished. Tho the milk yield may be 
reduced somewhat on such a ration, an animal of this kind may not pay 
for the addition of any concentrates. When legume hay is fed to dairy 

cows it is desirable that some succulent roughage such as corn silage or 
roots form a part of the ration to furnish variety and palatability as well 

as nourishment. 
610. Alfalfa hay—Good alfalfa hay is generally placed at the head of 

the list of roughages suitable for the dairy cow, on account of its high 
content of protein and its palatability. The value of this hay in balancing 

*Hihl. Landw. Ztg., 1892, p. 836. 

* Ber. Norges, Landbr. Hoiskoles Virks, 1910-11, pp. 18-33; Expt. Sta. Rec. 28, 
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rations otherwise low in protein is shown in a trial by Caldwell at the 
Ohio Station in which 2 lots each of 6 cows were fed the rations shown 
below for 56 days: 

Alfalfa hay as source of protein for dairy cows 

Average daily yield 
Milk Fat Average ration Nutritive 

Lot I Lbs. Lbs. ratio 

Alfalfa hay, 11.6 lbs. 
_ com silage, 27.8 Ibs. Corn meal, 5.9 Ibs...... 22.0 0.87 8 70 

ot IT 
Corn stover, 5.6 lbs. Cottonseed meal, 3.1 Ibs. 
Corn silage, 29.3 Ibs. Wheat bran, 3.1 lbs. 

Corn meal, 3.1 lbs...... 20.5 0.90 iB 7 

The ration fed Lot I—alfalfa hay, corn silage, and corn meal—would 
undoubtedly have been improved had a greater variety of concentrates 

been fed, yet with alfalfa hay as the sole supplement, a well-balanced ra- 

tion was provided which produced substantially as good results as that 
fed Lot II, in which wheat bran and cottonseed meal furnished most of 

the protein. While Lot II was fed 9.3 lbs. of rich concentrates, Lot I re- 
ceived only 5.9 lbs. of corn meal. 

On account of a wide-spread opinion among dairymen in Utah that 
first crop alfalfa hay was the highest in feeding value, Carroll of the 
Utah Station®* compared first, second, and third crop hay in trials dur- 
ing 2 years. Each crop was cut at the period of early bloom from the 
same field and was cured in excellent condition. In order that the test 
might be as much as possible upon the 3 crops of hay, only 0.65 Ib. of 

concentrates was fed to each cow daily for every pound of butterfat she 
produced per week. The concentrate mixture the first year consisted of 
equal parts of wheat bran and crushed oats, and the second year of equal 
parts of wheat bran and chopped barley. The cows were given all the 
hay they would clean up without waste. 

In the trials the advantage of any one crop over the others was found 

to be almost negligible. Considering the hay actually consumed, the 
second crop hay had slightly the highest value, but it proved slightly 

less palatable and a little more was wasted than of the other cuttings. 
In general, leafy, fine-stemmed, early-cut hay is preferred by dairy cows. 
(338) 

611. Substituting alfalfa hay for part of the concentrates.—Billings at 
the New Jersey Station®® and Fraser and Hayden at the Illinois Station” 
conducted trials with dairy cows in which alfalfa hay was substituted 
for part of the concentrates in the ration, with the results shown in the 
table: 

Ohio Bul. 267. “Utah Bul. 126. °N. J. Bul. 190. Tl Bull 146. 
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Feeding alfalfa hay in place of part of the concentrate allowance 

Average daily yield INERT 

Milk Fat 
Average ration 

ratio 

New Jersey, 2 lots of 4 cows fed two 30-day periods | Lbs. Lbs. 

Ration I | | 
Corn stover, 7 .0 lbs. | 
Corn silage, 40.0 Ibs. 

Wheat bran, 4.5 lbs. 
Dried brewers’ grains, 4.5 lbs. 
Cottonseed meal, 2.0 lbs.................. je ree alsa alge: 

Ration II 
Alfalfa hay 14.0 Ibs. 
Corn silage, 35.0 Ibs. | | 

Cottonseed meal, 2.5 ]bs...............7%1. | 26.3 1.05 13455 

Illinois, 2 lots of 3 cows fed two 66-day periods 

Ration I 
Corn silage, 30 lbs. 
Clover hay, 6 lbs. 

Corn meal, 6 lbs. 
Wiheatrbranie:lbSe5s pic scsciia sticks oun ee at 2320 1.00 1:6.9 

Ration II 
Alfalfa hay, 8 lbs. 
Corn silage, 30 lbs. 
Clover hay, 6 lbs. 
Connimea Og bse eee er ee ree 24.4 0.98 1 72.0 

In the New Jersey trial 14 lbs. of alfalfa hay in Ration II replaced 
8.5 lbs. of the protein-rich concentrates, 5 lbs. of the corn silage, and all 

the corn stover in Ration I. Yet on this cheaper ration there was a 
shrinkage of only 1 lb. of milk and 0.08 lb. of fat per head daily. 

In the Illinois test, tho 8 Ibs. of alfalfa hay in Ration II replaced an 
equal weight of wheat bran fed in Ration I, Ration IT produced slightly 
more milk and practically as much fat. 

612. Substituting alfalfa hay for all the concentrates.—Billings™ con- 
ducted a more drastic trial of the value of alfalfa hay for milk pro- 
duction by replacing all of the concentrate allowance with this hay in 

the following test with 2 lots each of 4 cows fed for two 60-day periods: 

Replacing all the concentrate allowance with alfalfa hay 
Average daily yield Feed cost per 
Milk Average ration Fat 100 lbs. milk* 
Lbs. Lbs. Cents 

Ration I 
Corn stover, 6.8lbs. Distillers’ grains, 4 .6 lbs. 
Corn silage, 40.0 lbs. Wheat bran, 4.2 lbs. 

Cottonseed meal, 0.5 1b. 24.6 1.07 83.7 
Ration II 

Alfalfa hay, 17.5 lbs. 
Corn silage, 35.0 lbs. No concentrates... .. 20 .4 0.88 94.4 

* Cost of feeds per ton: alfalfa hay, $16; corn silage, $3; corn stover, $4; distillers’ grains, $30; wheat 
bran, $24; and cottonseed meal, $34. 

1N. J. Bul. 204. 
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In this trial when the cows were fed Ration II, containing a heavy 
allowance of alfalfa hay but no concentrates, the yield of milk was 17 
per ct. and of fat 18 per ct. less than when Ration I, containing over 9 
Ibs. of purchased protein-rich concentrates, was fed. With feeds at the 
prices indicated, milk was produced more cheaply on Ration I. The 
relative economy of such rations obviously depends on the price of 
alfalfa hay compared with concentrates. 

At the Illinois Station’? Fraser maintained a herd of good productive 
cows for 6 years exclusively on the alfalfa hay and corn silage grown on 

20 acres. The average yield of milk was 3,980 lbs. and of fat 139.5 Ibs. 
per acre. This ration did not maintain the cows in as good health as when 
concentrates were fed in addition, and undoubtedly a larger and also 
more economical yield would have been secured had at least a moderate 
concentrate allowance been supplied. 

In a 12-week trial with 8 cows at the New Mexico Station™ Vernon 
found that 246 Ibs. of alfalfa hay fed alone, or 202 lbs. of alfalfa hay and 
49 lbs. of wheat bran, produced 100 lbs. of milk. The cows yielded more 

milk on the bran-alfalfa ration, but the increase was dearly purchased. 

The preceding trials show that alfalfa hay can be substituted for a 
large part of the concentrates in the ration of the dairy cow without 
materially reducing the yield of milk or fat. However, when all the 

concentrates are so replaced the yield of cows of good productive capacity 
is markedly decreased. This is what we should expect, for alfalfa hay, 
tho standing at the head of all roughages, is nevertheless a roughage 
and not a concentrate. It contains over 3 times as much fiber as wheat 
bran, which is bulky for a concentrate, and furnishes but 70 per ect. as 
much net energy. Bearing in mind the productive capacity of his cows 
and the price of legume hay compared with concentrates, each dairyman 

must decide for himself to what extent it is economical to substitute 
legume hay for concentrates. 

In some sections of the West, owing to the cheapness of alfalfa hay, 
dairy cows are given this feed alone, possibly with green alfalfa soilage 
or pasturage in addition during the summer. Complaints are made that 
this unbalanced ration, which is too high in protein and too low in net 
nutrients, does not always maintain the animals in as good health as 
where concentrates or even roughages lower in protein are added. 

Woll of the California Station’* found in trials in which rolled barley 
was added to an exclusive alfalfa ration that the immediate increase in 
production resulting from grain feeding was not sufficient with feeds 

at prevailing prices to pay for the added expense. However, considering | 

the influence on the production during the balance of the lactation 

period and the effect on the condition of the cows, he believes that the 

feeding of some grain is advisable, especially in the case of large pro- 

ducing animals or heifers in milk. 

Information to the authors. “Information to the authors. 
3N. Mex. Rpt. 1904. 
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613. Alfalfa meal—Hills of the Vermont Station,” on substituting 
alfalfa mea! (ground alfalfa hay) for the same weight of wheat bran, 
found a loss of from 3 to 6 per ct. in milk flow caused thereby, and 
Mairs of the Pennsylvania Station’® reports a loss of about 5 per et. by 
such substitution. Similar results were secured by Lindsey in a trial 
at the Massachusetts Station.*7 In view of the palatability of alfalfa 
hay to the dairy cow and its thoro mastication during rumination, the 
use of alfalfa meal is ordinarily not economical when good alfalfa hay 
is available. (344) 

614. Clover hay.—Hay from the clovers, cut while yet in bloom, is 
one of the best roughages for dairy cows. Somewhat lower than alfalfa 

hay in protein, red clover hay furnishes a slightly larger amount of net 
energy than alfalfa. (171) By the use of clover hay—red, alsike, or 

erimson—the dairyman may reduce the amount of concentrates needed 

to supply a well-balanced ration in the same manner as has been shown 
in the case of alfalfa hay. (347, 350, 353) 

At the New Jersey Station*® Lane fed 2 lots, each of 2 cows, for two 
12-day periods alternately on the rations shown below: 

Crimson clover hay fed against purchased protein 
Average daily yield 

Average ration Milk Fat 

Ration I Lbs. Lbs. 

Crimson clover hay, 16.4 lbs. 
Corn silage, 30.0 Ibs. No concentrates...::..5...... 20.1 0.85 

Ration IT 
Mixed hay, 5.0 lbs. Wheat bran, 6 lbs. 
Corn silage, 30.0 lbs. Dried brewers’ grains, 5 lbs... . 2328 1.00 

The table shows that the yield of milk was 3.7 lbs. and of fat 0.15 

Ib. less on the crimson clover ration than on that containing purchased 
concentrates. Using the home-grown ration, however, effected a saving of 

18.3 cents in the feed cost of producing 100 Ibs. of milk. 

615. Crimson clover hay and cowpea silage——Lane™ also compared a 
ration of crimson clover hay, cowpea silage, and corn-and-cob meal with 

one in which the protein was largely purchased. The following rations 

were fed alternately for 2 periods of 12 days each to 2 lots of 2 cows 

each: 

Crimson clover hay and cowpea silage compared with purchased protein 
Average daily yield 

Till Fat Average ration Mi ‘a 

Ration I Lbs. Lbs. 

Crimson ciover hay, 10 lbs. 
Cowpea silage, 36 lbs. Corn-and-cob meal, 6.0 lbs.. 24.8 0.94 

Ration II 
Mixed hay, 5 lbs. Dried brewers’ grains, 5 .0 lbs. 
Corn silage, 36 Ibs. Cottonseed meal, 2.5 Ibs... . . 24 .6 0.99 

Vt. Rpt. 1906. 7 Mass. Rpt. 1909, pp. 158-166. TONG OSU lois 

Penn. Bul. 80. ®N. J. Bul. 162. 
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The amount of milk and fat produced was practically the same for 
both rations, showing the high value of crimson clover hay and cowpea 
silage as sources of protein for dairy cows. (353) 

616. Cowpea hay.—In the South the cowpea vine, thriving on all 

types of soil, is of great importance to the dairy industry, as it furnishes 
palatable hay rich in protein. To determine the effect of substituting 

cowpea hay for protein-rich concentrates Lane®® fed 2 lots each of 2 
cows the rations shown below for 15-day periods: 

Cowpea hay compared with purchased protein 
Average daily yield 

Average ration Milk Fa 
Ration I Lbs. Lbs. 
Cowpea hay, 17 lbs. 
Corn silage, 36 lbs. INosconcentrateseenm ase ee. D3) 0.92 

Ration II 
Corn stover, 5 lbs. Wheat bran, 4 lbs. 
Corn silage, 36 lbs. Dried brewers’ grains, 3 Ibs. 

Cottonseed meal, 2 Ibs......... 25 .7 1.05 

Tho 2 lbs. more milk and 0.13 lb. more fat were produced by each 
cow daily on the ration containing purchased concentrates, this increase 
was not sufficient to offset the greater cost of the purchased feed. 

At the Alabama Station®! Duggar fed 2 lots each of 3 cows for two 
30-day periods a basal ration of 9.6 lbs. cottonseed hulls and 9.6 lbs. 
of a mixture of 2 parts cotton seed and 1 part each of wheat bran and 

cottonseed meal, with either wheat bran or cowpea hay in addition, as 
shown below: 

Cowpea hay compared with wheat bran 
Average daily yield 

Average ration Milk Fat 
Lbs. Lbs. 

Ration I. Cowpea hay, 7.8lbs. Basalration.......... U8 IL ls 
Ration II. Wheat bran, 6.1 lbs. Basalration........... 16.0 1EXO2 

In this trial the cows getting the cowpea hay averaged 1.3 lbs. more 
milk daily than those fed wheat bran, showing that where there is a 

fair supply of rich concentrates it is more economical to complete the 
ration with some protein-rich roughage, like cowpea hay or silage, than 

by adding expensive concentrates. 
Wing found at the Georgia Station®’ that cowpea hay produced 30 per 

et. more milk than cottonseed hulls, a reasonable result when the compo- 
sition of these feeds is considered. (357) 

617. Soybean hay.—At the Tennessee Station®* Price compared soybean 
straw and ground soybeans, combined in the same proportion as they 

occur in soybean hay, with alfalfa hay in a trial with 2 lots of 4 cows 
each. The returns from rations fed alternately during three 30-day 

periods are shown in the following table: 

SN. J. Bul. 174. 51 Ala. Bul. 123. Ga. Bul. 49. Tenn. Bul. 80. 
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Soybean hay vs. alfalfa hay 
Average daily yield 
Milk F Average ration at 

Ration I Lbs. Lbs. 

Soybean straw, 7.1 lbs. Ground soybeans, 3.7 lbs. 
Silage, 25.0 Ibs. Corn-and-cob meal, 3.7 lbs... . 2 0.98 

Ration II 
Alfalfa hay, 12.3 lbs. 
Silage, 24.6 Ibs. Corn-and-cob meal, 3.7 lbs.... 15.2 0.80 

The table shows that the soybean ration proved more effective than 
the alfalfa-hay ration. 

In trials during 2 years by Caldwell at the Ohio Station®* a ration 

of 8.7 lbs. soybean hay, 31.9 Ibs. silage, 5.7 lbs. corn meal, and 1.0 lb. 
of cottonseed meal proved as good as one containing 8.4 lbs. of concen- 
trates (equal parts by weight of wheat bran, cottonseed meal, and corn 
meal), 7.0 lbs. corn stover, and 32.8 Ibs. corn silage. The feed cost of 
butter fat was 9.5 per ct. lower on the soybean-hay ration. (358) 

618. Soybean silage and alfalfa hay.—At the New Jersey Station® 
Lane fed 2 lots of 2 cows each for 2 periods of 15 days alternately upon 

the rations shown below: 

Soybean silage and alfalfa hay compared with purchased protein 
Average daily yield 

Fat Average ration Milk 
Ration vf Lbs. Lbs. 

Soybean silage, 36 lbs. 
Alfalfa hay, 8 lbs.- Corn meal;'6 lbs:..4 202. ¢.7eee i genus 27 .2 0.98 

Ration IT 
Corn silage, 36 Ibs. Wheat bran, 4 lbs. 
Corn stover, 6 Ibs. Dried brewers’ grains, 4 Ibs. 

Cottonseed meal, 2 lbs.........6.... ASS ff 0.98 

The table shows that the yield of fat was the same on these rations, 
while the home-grown ration with corn meal produced shghtly more 

milk. There was a saving of 1.1 cents per pound of butter when the 

ration of soybean silage and alfalfa hay was fed. 
619. Hairy vetch hay.—Duggar of the Alabama Station*® substituted 

6.6 lbs. of hairy vetch hay for 7 lbs. of wheat bran for short periods, 

and found substantially no decrease in milk flow. (359) 

TV. CarBoNAaceous RoUGHAGES 

620. Corn fodder—Tho inferior to corn silage, good corn fodder, 

especially that from thickly planted corn, is relished by cows and is a 

satisfactory substitute for hay from the grasses. Rather than being fed 

as the sole roughage, it should preferably be used witn legume hay. 

To compare the value of corn fodder and timothy hay as the sole rough- 

ages Hunt and Caldwell fed 2 lots each of 4 cows for 45 days at the 

Pennsylvania Station.*? Each cow was given 3 Ibs. of ground oats and 

3 lbs. wheat bran daily, with either corn fodder or timothy hay as 

shown in the table: 

8! Ohio Bul. 267. SN. J. Bul. 174. 8 Ala. Bul. 123. Penn. Rpt. 1892. 
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Corn fodder vs. timothy hay for dairy cows 
Average daily yield Gain or loss 
Mil Average roughage allowance es Hat in weight 

; ; Lbs. 
ont, Corn fodder; 22Salosss ue iek hh ice hw 16.2 0.66 —93 
Lonkiaumothy hays2o 8 IDSa.cbe doe oAcet ots UZ A! 0.64 +84 

Lot I, fed corn fodder, produced less milk but slightly more fat than 
Lot II, fed timothy hay, and lost in weight while Lot II gained. Taking 

all the facts into consideration, the fodder corn proved almost as valua- 

ble as the same weight of timothy hay. Two tons of timothy hay’ per 
acre is a high return, while the yield of the fodder corn used in this 
trial was nearly 4.5 tons per acre, or over twice that of the timothy 

hay. The high value of fodder corn for the dairy cow is thus apparent. 
(294) 

621. Corn fodder with alfalfa hay.—The value of corn fodder when 
fed with legume hay is shown in the following summary of 4 trials by 
Linfield at the Utah Station®* in which cows were fed 3 lbs. of wheat 
bran and 3 lbs. of either wheat, barley, or corn meal, with alfalfa hay 

or both corn fodder and alfalfa hay for roughage: 

Alfalfa hay and corn fodder vs. alfalfa hay 
Average daily yield 

Milk Average roughage allowance a ey 
Lbs. bs. 

I. Corn fodder, 8.7 lbs. Alfalfa hay, 11.5]bs......... 16.9 0.75 
ipamAlnalianin ave ATOM DSS rel: cus sai tote aie ee iets tuielenehs 17.1 0.74 

It is seen that when fodder corn replaced nearly half of the alfalfa 
hay, about as good returns were secured as when alfalfa hay alone 

constituted the roughage. Where corn and alfalfa flourish, both should 
be used rather than alfalfa alone. (609) 

622. Corn stover vs. mixed and clover hay.—At the Wisconsin Station*® 
the senior author conducted 2 trials to compare corn stover with mixed 

hay and with clover hay. <A crop of dent corn yielding 4,490 lbs. of 
eured stalks and 4,941 Ibs. of ear corn per acre was cut and shocked 

in the usual manner. After curing, the corn was husked and the stover 
reserved for feeding. In both trials 2 lots of 2 cows each were fed by 
the reversal method for 2 periods each of 3 weeks. All were fed 5 Ibs. 
of corn and 7 Ibs. of bran per head daily, with either hay or uncut corn 

stover as indicated in the table: 

Corn stover vs. mixed and clover hay 
Average daily yield 

Average roughage allowance : Mi utter 
Lbs. Lbs. 

First trial 
ea COLmestOvern aoe Els neh nts aia a icles angle 20.0 1.02 

II. Mixed clover and timothy hay, 13.5 lbs........... 19.0 1.00 
Second trial 

TE AWOL SLOVET A Gonos: -ne sonie ees Sel ie teas Be ators 19.3 0.93 
eltied Glo verstisuy eel bes SPOS see, oier as) (=, alo thes ape yeh yes cue Cleves 18.9 0.97 

STItah Bul. 68. *° Wis. Rpt. 1884. 
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In the first trial 42.4 lbs. of uncut corn stover was slightly superior 
to 13.5 lbs. of mixed hay, and in the second 11.5 lbs. clover hay produced 

somewhat more butter than 33.3 lbs. uncut corn stover. Reduced to 
tons, we may conclude that 1 ton of mixed clover and timothy hay is 

worth 3 tons of uncut corn stover, and that 1 ton of clover hay is some- 
what superior to 3 tons of uncut stover. Thirty-four per ct. of 
the coarse, uncut stover was left uneaten in these trials. Had the 

material been eut, the cows would have wasted somewhat less and the 

stover would have then had a higher value per ton. This trial shows 

the heavy losses incident to feeding dry corn forage, which if ensiled 
would be wholly consumed. (300-2) 

623. Timothy hay.—While timothy hay is a standard and most satis- 

factory roughage for the horse, it is unsatisfactory for the dairy cow. 

It lacks protein, is not very palatable to cows, and has a constipating 

effect quite opposite to the beneficial action of legume hay. The value 
of mixed clover and timothy hay for cows will depend on the proportion 

of clover present. 
To demonstrate the poor results secured when timothy hay is fed with 

other feeds likewise low in protein, Fraser and Hayden of the Ilinois 

Station®® conducted a trial on a dairy farm in which 2 lots each of 8 

cows were fed by the reversal method for two 42-day periods. The cows 

were given 12.5 Ibs. per head daily of a concentrate mixture of 2.5 parts 

corn meal and 1 part wheat bran with the roughages shown in the table: 

Timothy hay vs. alfalfa hay when fed with protein-poor feeds 
Average daily yield 

Average roughage allowance of milk 
Lbs 

I. Timothy hay, 10 Ibs. Corn stover, 10 Ibs............:4..45. 23 .4 
if. Alfalfathay, 10 lbs: Corn stoverOlbsire ie ce aerate 27.5 

When fed the alfalfa-hay ration, which had a nutritive ratio of 1: 6.6, 
the cows produced 17.5 per ct. more milk than on the unbalanced 

timothy-hay ration, the nutritive ratio of which. was 1:10.2. The tim- 

othy-fed cows lost in weight and were in poor condition generally, a 

number being ‘‘off feed’’ at times. This trial shows clearly that when 

timothy hay must be fed it should be supplemented by concentrates high 

in protein. (812) 
624, Upland prairie vs. timothy hay—Haecker of the Minnesota Sta- 

tion?! compared native upland prairie hay of excellent quality with 

medium fine, early-cut timothy hay properly cured. Sixteen cows were 

used during the trial lasting 77 days, the same quantity of grain and 

hay being supplied in each case. The returns in milk and fat were 

practically the same from the 2 kinds of hay. This study®? was repeated 

with the same results. It is fair, then, to hold that good upland prairie 

hay, like that of the Minnesota region, 1s equal to timothy hay with the 

dairy cow. (325) 

Winhly veh bd ls, ale key ™ Minn. Bul. 35. Minn. Bul. 67. 
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625. Bermuda hay.—Lloyd of the Mississippi Station®® studying the 
returns from a herd of 30 to 60 cows during 3 years, concludes that 
Bermuda hay equals timothy hay for milk and butter production. (320) 

626. Johnson-grass hay.—Moore of the Mississippi Station®! found 

Johnson-grass hay nearly as valuable as cowpea hay when corn silage, 

cottonseed meal, and wheat bran were the other feeds given. Had less 

rich and palatable concentrates been fed, Johnson-grass hay would 
probably have shown but half to two-thirds of the value of the cowpea 
hay. (321) 

627. Salt-marsh hay.—Lindsey and Jones of the Massachusetts 
(Hatch) Station,®* in trials with 12 cows, covering 7 months, found that 
where 10 lbs. of various kinds of salt-marsh hay were given daily in place 
of an equal weight of mixed hay, the milk flow was decreased from 2 to 5 

per ct. They state: ‘‘When fed directly after milking, no cbjectionable 
flavor could be detected in the milk or butter. It is possible that if 

these hays were cut very soon after being covered by the tide they 
would then produce a disagreeable flavor.’’ (825) 

628. Cottonseed hulls.—Cottonseed hulls are a roughage fair in carbo- 

hydrate content, but very deficient in crude protein, and are rather 
unpalatable to cows. Moore of the Mississippi Station,®°® in feeding 

trials with dairy cows, found 100 lbs. of well cleaned cottonseed hulls 
equal to 67 lbs. of prime Johnson-grass hay. Soule of the Texas Sta- 
tion®’ found cottonseed hulls nearly equal to sorghum hay for cows. 

Nourse of the Virginia Station®® considers cottonseed hulls about equal 
to oat straw in feeding value. Conner of the South Carolina Station 
found cottonseed hulls decidedly inferior to corn stover, and Michels of 

the North Carolina Station’®® found stover of rather poor quality equa! 
to the hulls. Flint and Dormant” report from trials on Georgia farms 
that carbohydrates can be supplied under their conditions much more 
cheaply in the form of corn silage than by cottonseed hulls. Silage also 
stimulates a greater flow of milk, and is palatable and succulent, aiding 
in keeping the animals in good condition. Failing to appreciate the 
value of the forage from the corn plant, southern dairymen often leave 
the corn stalks standing in the field and purchase cottonseed hulls for 
roughage. (251) 

V. SuccuLENT FEEDS 

629. Corn silage——Succulent feeds are of even more importance in 
the feeding of the dairy cow than of the other farm animals. On account 
of their cooling, slightly laxative action, such feeds aid greatly in keeping 
the digestive tract of this hard-working animal in good condition, as 
well as whetting the appetite so that large amounts of feed are con- 
sumed. Thruout the chief dairy sections of the United States corn 

%Miss. Bul. 70. °° Miss. Rpt. 1908. 2S. CC) Bulk 66: 

“Miss. Rpt. 1895. PMexe Ula Aaue tN. C. Bul: 199. 

*® Mass. (Hatch) Bul. 50. s%Va. Bul. 148. 11 Ga. Bul. 80. 
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silage furnishes the cheapest form of suceulence. Due largely to the 

fact that the silage made during earlier years was frequently of poor 
quality and fed in a careless manner, a widespread belief existed that 
silage injured the flavor of the milk. For many years the largest milk 
condensing company in the country prohibited the use of silage by its 
patrons. Experience has now abundantly demonstrated that when good 

silage is fed under proper conditions the quality of the milk is thereby 
iunproved, rather than impaired. Like other feeds, silage may be abused. 

Only that which is well made should be used, and this should be fed 
after milking and be eaten up clean at each feed, none being left 
scattered on the floor of the stable, the air of which should be kept pure 
and wholesome by proper ventilation. If such conditions prevail, no 
one need fear ill effects from feeding silage to dairy cows, for when 
thus fed even the milk condensing factories no longer object to its use. 
The daily allowance of silage commonly fed ranges from 20 to 40 lbs. 

per 1,000 lbs. live weight. A common rule is to feed 3 lbs. of silage and 

1 lb. of dry roughage per 100 lbs. live weight. (300-5) 
630. Corn silage vs. fodder corn.—Tests of corn silage and field-cured 

fodder corn at the Vermont?*? and Wisconsin’® Stations were conducted 
in the following manner: Two rows of maturing corn extending across 
the field were placed in shocks, while the next 2 rows were run thru 
the feed cutter and placed in the silo. By thus alternating until the silo 
was filled, substantially equal quantities of material having the same 

composition were obtained as silage and shock corn, respectively. The 
field-cured fodder, after being run thru the cutter, was fed in opposition 

to the silage to dairy cows along with equal quantities of hay and grain. 

At the Vermont Station the green fodder corn, converted into silage 
and fed with hay and grain, produced 11 per ct. more milk than the 

same amount of green corn dried and fed with the same allowance of 
hay and grain. In the Wisconsin trial the corn crop produced 243 Ibs., 

or 3 per et., more milk per acre when fed as silage than when fed as 

dried corn fodder. 
In the following table are summarized the results of these and other 

trials in which the amount of milk produced from 100 Ibs. of total dry 

matter in rations containing silage or corn fodder was determined : 

Corn silage vs. fodder corn for milk production 

Milk from 100 lbs. dry matter 
Station and number of trials Silage ration Fodder ration 

Lbs. Lbs. 

Wisconsin (Rpt. 1888),/3 trials 2. 0S cee nes scp res 104.2 95.8 

Wisconsin (Ript.1889);, 3 tridls. 2. ane ete, ee 110.5 104.8 

Vermont (Rpt. 1892), L trial. 2... eee is. el 82.0 76 5 

Pennsylvania, (Rpt: 1890); 1 trial. . 2a pe feet: 111.9 106.3 

New Jersey. (Buli 122), 1 triadic... ot eee: 116.2 103 .0 

Averagelol 9 tridlss. ows sacs ats Seene cei eee ett 106 .0 98 .6 

Vt. Rpt. 1891. + Wis. Rpt. 1891. 
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Averaging these trials we find that 7.4 lbs. more milk was produced 
from 100 lbs. of dry matter in the silage rations than in the rations con- 
taining fodder corn. The higher value of the silage is not due to any 
increased digestibility of the silage over well-cured dry fodder, for we 

have seen that ensiling tends to decrease the digestibility of forage 
rather than to increase it. (83) The superiority of silage must be largely 
due to the fact that while good-quality silage is eaten with little or no 
waste, a considerable part of the corn fodder is usually left uneaten. 
Various trials show that the dry matter of that part of the corn fodder 

which is actually consumed may have just as high a nutritive value 
as an equal weight of dry matter in corn silage.t°t* Another reason why 

silage gives better results than dry corn fodder is that cows fed the 
succulent, palatable silage usually consume a heavier ration than those 

fed the dry fodder and hence have a larger amount of nutrients avail- 
able for milk production after the maintenance requirements of the body 
have been met. 

631. Corn silage vs. hay.—To determine the relative value of corn 
silage and mixed hay (mostly timothy) Jordan fed 4 cows at the Maine 

Station’? for three 14-day periods. During the first period the cows 
were fed good hay; during the second, hay and silage; and during the 
last, hay again, the same amount of concentrates being fed thruout the 

trial. When the cows were changed from good hay to both silage and 

hay their milk flow increased 7 per ct. and when changed back it de- 
creased 8 per et. The silage fed in this trial was watery and contained 
but 16.7 per et. dry matter, while average silage from well-matured 

corn contains about 26 per et. dry matter. Jordan found 444 lbs. of 
this silage, which had less than two-thirds the value of high-quality 
silage, slightly superior in feeding value to 100 lbs. of the hay fed. It 
is fair to conclude that had the silage been of average quality 280 lbs. 
would have been slightly superior to 100 lbs. of hay. 

In an extended trial with 6 cows Hills of the Vermont Station? 
found that when 3.5 lbs. of corn silage was substituted for 1 lb. of 
mixed timothy, red top, and clover hay, the milk yield was increased 
7 per ct. Rating hay at $10 and silage at $3 per ton, there was a gain 
of 1.66 cents daily per cow by replacing one-third of the hay with 

silage. From these data we may conclude that for dairy cows 280 to 
350 lbs. of good corn silage is worth rather more than 100 lbs. of mixed 
hay. In the feed unit system as revised by Woll'®’ and in the Armsby 

table of energy values corn silage is rated at half the value of timothy 

hay. (171, 178) 
To determine the relative value of corn silage and alfalfa hay Carroll 

of the Utah Station’®S fed 2 lots of 7 cows each the rations shown in 
the table for 2 alternate 28-day periods. The concentrate allowance con- 

sisted of a mixture of equal parts wheat bran and rolled barley. 

10 Wis. Rpts. 1890, 1891. Vt. Rpt. 1901. 1 Information to the authors. 

15 Me. Rpt. 1889. 17 Wis. Cir. 37. 
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Relative value of corn silage and alfalfa hay 
Average daily yield 

Average ration Till Fat 
Lbs. Lbs. 

Ration I 
Alfalfa hay, 22 .2 lbs. 
Corn silage, 21.3 lbs. Concentrates, 4.1 lbs............ PH Pe 0.99 

Ration II 
Alfalfa hay, 29.0 lbs. Concentrates, 4.0 lbs............ 26 6 0.95 

When fed silage the cows yielded 2 per ct. more milk and 4 per et. 
more fat, but were given 2.5 per ct. more grain. We may therefore 
conelude that 6.8 lbs. of alfalfa hay was fully replaced by 21.5 lbs. of 

corn silage, or 100 lbs. of hay by 310 to 320 lbs. of silage. 
632. Silage from the sorghums.—Next in value to corn silage is that 

from the grain and the sweet sorghums. Reed and Fitch found kafir 

silage practically equal to corn silage when fed with hay and grain in a 
trial at the Kansas Station.1°? In each of 2 trials the cows produced 3 
per et. more milk and 1 per et. more fat when fed corn silage than when 

fed silage from sweet sorghum, showing this silage to be but little inferior 
to that from the corn plant. (309) 

633. Silage from the legumes.—Tho there is far less certainty of secur- 
ing silage of good quality from clover or alfalfa than from corn and the 
sorghums, these legumes are sometimes ensiled, especially when the 
weather does not permit making them into satisfactory hay. (342, 348) 
In each of 3 years Clark ensiled red clover at the Montana Station??? and 

fed the silage to dairy cows in comparison with clover hay. When from 
32 to 43 Ibs. of clover silage was fed per head daily with clover and tim- 

othy hay and concentrates, 233 lbs. of the silage proved equal to 100 lbs. 
of good clover hay. On the silage ration the yield of milk was increased 

5.7 per ct. and of fat 4.3 per ct. Clark reports that the cows relished 
the silage during the winter months, but that in summer it became 
darker in color and acquired a strong odor, a point also observed by 
Reed at the Kansas Station’! with alfalfa silage. Such combinations as 
field peas with oats, soybeans or cowpeas with corn or the sorghums, and 

vetch with oats, wheat, or barley, make satisfactory silage. (3857-9) 

634, Mixed silage vs. heavy concentrates—At the Ohio Station’” 
Williams fed 2 uniform lots of 4 cows each the rations reported in the 
table during 4 months to determine whether a large part of the concen- 

trates usually supplied could not be replaced by silage composed of 2 
parts soybeans, 1 part cowpeas, and 7.5 parts of rather watery corn 
silage. The 2 rations contained practically the same amount of dry 

matter and crude protein. 

10 Kan. Cir. 28. 11 Hoard’s Dairyman, 47, 1914, p. 889. 

MVont. Bul. 94. 12 Ohio Bul. 155. 
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Feeding mixed silage in place of part of the concentrates 
Average daily yield 

Milk Average ration Fat 
Lbs. Lbs. 

Lot I 
Mixed silage, 58 .0 lbs. Oil meal, 2.0 lbs. 
Mixed hay, 6.8 lbs. BrameZeOMbsha cis wee eis 19.6 1.08 

Lot II 
Stover, 4.7 lbs. Oil meal, 2.5 lbs. 
Mixed hay, 6.5 lbs. Corn meal, 5.0 lbs. 

Brea, GO Woh. osckcooeencaccve 16.9 0.80 

It is seen that the cows fed 58 lbs. of mixed silage with 4 lbs. of con- 

centrates yielded more milk and fat than those receiving 13.5 Ibs. of 
rich, expensive concentrates and no silage. Less dry matter was con- 

sumed by the silage-fed cows for 1 lb. of fat than by those getting no 
silage. During the trial the fat yield of the silage-fed cows increased 
1.9 per et., while that of the others shrank 14.2 per ct. These results 
forcibly illustrate how protein-rich silage may aid the dairyman in re- 
ducing the cost of producing milk. 

635. Apple-pomace silage.—Hills' fed cows daily allowances of 24 to 

39 lbs. of apple-pomace silage, as much as they would eat in addition to 
8 lbs. of grain and 10 to 12 lbs. of hay. On apple-pomace silage the cows 
consumed somewhat more dry matter than those getting corn silage, 
with a corresponding increase in milk flow. The apple-pomace silage 
had no deleterious influence on the cows or their milk. (384) 

636. Other silage studies—Hills of the Vermont Station’ found that 
rye silage was drier and less readily eaten than corn silage, and made 

10 per ct. less milk and butter. Cows changed from corn to rye silage 

shrank 20 per ct. in milk, while on changing back from rye to corn they 
gained 2 per ect. Good corn silage gives better results than good Hun- 
garian-grass hay or silage. (318) 

637. Roots——Since roots may be regarded as watery concentrates 
rather than roughages (22, 365) the question naturally arises as to their 
value in replacing the concentrates in the ration. In studying this prob- 
lem Friis of the Copenhagen (Denmark) Station'?® conducted extensive 
trials on different farms in which cows were fed the same basal ration, 

consisting of 6.5 lbs. of hay and 10 lbs. of straw, and were given in ad- 
dition varying amounts of cereal grains, cottonseed meal, and mangels 

or other roots. Friis concluded that 1 lb. of dry matter in roots is equal 

in feeding value to 1 Ib. of Indian corn or of a mixture of barley, oats, and 
rye, or to 0.75 lb. of cottonseed meal. 

In trials during 2 years Wing and Savage of the New York (Cornell) 
Station’® found that 1 lb. of dry matter in mangels is equal to 1 lb. of 
dry matter in grain, and that mangels can successfully replace half the 
grain ordinarily fed in a ration of grain, mixed hay, and silage. The 

eit hop tal GOs: u6N. Y. (Cornell) Bul. 268. 

u4Vt. Rpt. 1907. 

15 Hxpt. Sta. Ree. 14, 1903, p. 801; Landokon. Forsog (Copenhagen), 1902, p. 30. 
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Cornell studies led to the conclusion that with concentrates custing $30 
per ton mangels are an economical feed for dairy cows when they can 

be produced and stored for $4 per ton,—a high figure for this compara- 
tively easily-grown crop. (368) 

Haecker of the Minnesota Station™’ has likewise found that 1 lb. of 
dry matter in mangels or rutabagas is substantially equal to 1 lb. of 
mixed grain, 11 lbs. of mangels or 9 lbs. of rutabagas having the same 

value as 1 lb. of grain. 
In the earlier years it was thought that the feeding of roots produced 

watery milk, but the extensive experiments in Denmark and this country 

with roots and silage prove beyond a doubt that the milk of the cow can- 

not be watered by supplying succulent feeds. 
638. Dry matter in roots and silage.—The value of the dry matter in 

roots and corn silage for milk production has been studied at the Ohio," 
Pennsylvania,*® and Vermont?’ stations with the following results: 

Milk from 100 lbs. of drysmatter in corn silage and beet rations 
Station Beet ration Silage ration 

bs. Lbs, 

Ohionsta trons els SO yee eee eee eee 59 62 
Ohio Stations! S90" ye es ee ee eet 59 60 
(Glenroy Shenoy AL 2 Ay oc dce epee bur esmssene goes 62 66 
Ono Station, W892 22 ak od enh thy, cee eek ane 69 76 
Bentisyl vanidsotailols tain shone ss ae ele a cee are 87 82 
AWcraaaXoyanreiehnloyay 4. 4c 444,504 seo nnn es abo oc eo doce ss AS 119 

It will be seen that, altho practically all of the dry matter in beets is 

digestible and only a part of that in corn silage, in each of these trials 

dairy cows gave somewhat better returns on the dry matter of corn silage 

than on that in the beet ration. On the other hand, Wing and Savage at 
the Cornell Station™*! found 1 lb. of dry matter in mangels slightly supe- 
rior to 1 lb. of dry matter in corn silage. (865-74) 

639. Sugar beets vs. corn silage——Haecker of the Nebraska Station’*’ 
compared corn silage and sugar beets with 2 lots of 5 cows each, fed for 
a period of 5 weeks. The cows were given 6 to 10 lbs. per head daily of 
a mixture of equal parts of oats, corn, and wheat bran, with hay and 

succulence as shown in the table: 

Corn silage compared with sugar beets 
Average daily yield 

Allowance of hay and succulence ae roel 

I. Corn silage, 30 Ibs. Alfalfa hay, 10 Ibs.......... 17.4 0.84 
II. Sugar beets, 30 lbs. Alfaltathay,slOMbss. 25 a5. a2 16.1 0.78 

It is shown that where 30 lbs. of corn silage was fed against an equal 
weight of sugar beets, the small difference in yield of milk and fat was in 

17 Minn. Rpt. 1913. Penn. Rpt. 1890. “IN. Y. (Cornell) Bul. 268. 

18 Ohio Rpt. 1893. OV te Rpt 3895. 2 Nebr. Bul. 76. 
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favor of the silage, as might be expected from the fact that corn silage 
contains considerably more dry matter than sugar beets. 

640. Addition of roots to ration containing silage—To determine 
whether the addition of roots to an already excellent ration of corn silage, 
clover hay, and concentrates would inerease the yield of milk or fat by 

dairy cows, Shaw and Norton carried on trials during 3 years at the Michi- 

gan Station’** with a total of 40 cows. Each year 2 lots were fed the 

rations shown in the table by the reversal method for periods averag- 
ing 26 days in length: 

Effect of roots when added to ration containing silage 

i 'g Average daily yield | Average feed cost of* 
é Tage ration 

ih Milk PSS oe eee Isiah 2a 

Lbs. Lbs. Cents Cents 
Ration I 

Roots, 18.3 Ibs. 
Corn silage, 30.6 Ibs. 
Clover hay, 5.0 lbs. 

Woncentrates: OZ IDS. srics stick cecig ecient a. 23 .8 0.93 66.5 17.0 
Ration IT 

Corn silage, 30.8 lbs. 
Clover hay, 5.0 lbs. 

Concentrates; Oe 2ilbstense. oe oe, DON 0.88 62.3 15.8 

scaee Of feeds per ton: concentrate mixture, $17.60 to $19.21; clover hay, $5.00; corn silage, $2.50; and 
roots, $2.00. 

On Ration I, which was practically the same as Ration II with the 
exception that it contained in addition 18.3 lbs. of roots, the average 
daily yield of milk was increased 1.3 lbs. and of fat 0.05 lb. This gain 
was not enough to offset the cost of the roots fed, for the average cost of 
100 lbs. milk was 4.2 cents and of 1 lb. of fat 1.2 cents lower on the ration 
containing no roots. While breeders feeding cows heavily on official 
test may find it advisable to feed roots in addition to a liberal allowance 
of corn silage for the sake of the small increase in yield, this practice 
will rarely be economical for dairymen in general. (365) 

641. Potatoes—A heavy allowance of potatoes produces milk and 
butter of poor flavor. According to Pott*** cows of average weight 
should not be fed more than 33 lbs. per head daily of cooked potatoes 
and somewhat less of the raw tubers. When feeding a heavy allowance 
of potatoes Hills of the Vermont Station’*® found the dry matter in corn 
silage superior to that in raw potatoes. The cows ate the potatoes readi- 
ly, but at 15 cents a bushel they were more costly than corn silage. But- 
ter from the potato-fed cows was salvy. (374) 

642. Soilage—During 3 summers Woll, Humphrey, and Oosterhuis at 

the Wisconsin Station!*® fed 1 lot of cows which had access to limited 
pasture a succession of soiling crops in addition to a small allowance of 

~8 Mich. Bul. 240. 2 Vt. Rpt. 1896. 

24Handb. Erndhr. u. Futter., II, 1907, pp. 363-364. 26 Wis. Bul. 235. 
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mixed concentrates. Another lot, otherwise fed similarly, received corn 

silage instead of soilage. In 2 of the trials each lot was given a small 

allowance of hay. The results of the trials, which averaged 82 days, are 
given in the following table: 

Soilage vs. silage as supplements to pasture 
Average daily yield 

Average ration Milk Fat 
Lbs. Lbs. 

Lot I 
Soilage, 28 .1 Ibs. 
Mixed hay, 2.2 lbs. 
Pasture, limited Concentrates,.5.4 Ibs. ...).0...... 23.9 0.92 

Lot II 
Corn silage, 27 .3 lbs. 
Mixed hay, 2.0 lbs. 
Pasture, limited Concentrates, 5.4 Ibs.............. 2225 0.94 

The cows fed soilage, consisting of red clover, peas and oats, sweet 
corn, field corn, and ‘‘succotash’’ (mixed oats, peas, and corn), yielded 

no more milk and slightly less fat than those fed corn silage. Silage was 
relished rather better than the succession of soiling crops. In a similar 
trial by Frandsen at the Nebraska Station’*’ the feed cost per pound of 
butter fat was 24.5 cents with soiling crops and 21.5 cents when corn 
silage was used. Since soilage is far more expensive and much more in- 

convenient to feed than silage (418-20), the latter is preferred by dairy- 

men as a supplement to pasture, except where too few cows are kept to 

consume the silage fast enough to prevent its spoiling. When silage is 
not available for summer feeding, the wise dairyman will provide a well- 

planned succession of soiling crops to maintain the milk flow when 

pastures are scant, knowing that it is well-nigh impossible to bring the 
yield of milk back to near the former amount if it has once heen checked 
by insufficient feed. (421-2) 

643. Wet beet pulp—Wing and Anderson of the New York (Cornell) 

Station’** found that cows will eat 50 to 100 Ibs. of fresh beet pulp per 
day in addition to 8 lbs. of grain and 6 to 12 Ibs. of hay. The dry mat- 

ter in wet beet pulp proved equal to that in corn silage. As the pulp 
comes from the factory it contains about 10 per et. dry matter, or about 

one-third as much as does corn silage of good quality. Beet pulp may 
have a higher value than given above when no other succulent food is 

supphed. The fermented pulp appears to be more palatable and satis- 
factory, tho even fresh pulp seems to stimulate the consumption of dry 

roughage. There are occasional reports of beet pulp tainting the milk. 

3uffum and Griffith of the Colorado Station’*® found 2 lbs. of fresh beet 
pulp equal to 1 lb. of sugar beets for dairy cows. (274) 

7 Hoard’s Dairyman, 47, 1914, p. 403. UCoOlOmaulivte. 

23N. Y. (Cornell) Bul. 1838, 



CHAPTER XXIII 

RECORDS OF PRODUCTION OF DAIRY COWS—FEED 
REQUIRED BY COW AND COST OF PRO- 

DUCING MILK AND FAT 

I. Recorps or PrRopucTION oF Dairy Cows 

That successful dairying depends primarily on the selection of indi- 

vidual cows of good productive capacity has already been pointed out. 
(544-7) It is therefore important to consider the various agencies which 

have been of service in pointing out to dairymen the profitable and the 
unprofitable animals in their herds, and in enabling them more intelli- 

gently to feed and breed for production. Chief among these agencies 
are the cow-testing associations, the system of official testing, the ad- 
vanced registers, dairy cow censuses, and public competitions. 

644. Cow-testing associations.—The remarkable development of dairy- 
ing in northern Europe during the past 20 years has been due in large 

part to the work of the cow-testing associations. From 1895, when the 
first association was organized in Denmark with 13 herds entered, the 
growth has been most rapid, until in 1914 there were between 2,500 
and 3,000 such associations in European countries. In these organiza- 

tions a trained tester is employed, who spends a day every month with 
each of the herds in the association. Arriving on the farm in the after- 

noon he weighs and samples the milk from each cow at milking time. He 
furthermore weighs the concentrates given each cow and also the rough- 

age which several cows get and then estimates the approximate amount 
given to each cow in the herd. The following morning this is repeated, 
after which the samples of milk are tested for butter fat. From this 
day’s record he computes the milk and fat production and cost of feed 
for each cow for the current month. While such records are not as 
exact as if every milking were weighed, careful studies show the results 
to be within 2 per ct. of the actual production of the cow. The 
tester not only makes these records, but he also studies the local feed 
market and aids the dairymen in working out the most economical 
rations for their herds. Many dairymen who would not go to the trouble 

of testing their herds themselves are glad to secure this service at small 
expense as a member of the association. 

The improvement wrought by these associations is marvelous. In Den- 
mark, largely due to their work, the average annual yield of butter per 

cow has increased from 112 lbs. in 1884 to 224 lbs. in 1908. In 10 
years one association in Sweden increased the annual production of 
butter fat 109 lbs. per cow. 

1Carroll, Utah Bul. 127. 
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645. Cow-testing associations in the United States.»—While the cow- 
testing associations are yet in their infancy in this country, they have 
already accomplished much good. In 1914 the total number grew from 
100 to 163, or 63 per ct. The first association in the United States was 
organized in Newaygo County, Michigan, in 1905, in charge of Helmer 
Rabild, now of the United States Department of Agriculture. The 
following table shows the improvement brought about in 8 years in 7 
herds which have been in this association since its organization : 

Improvement in 7 herds in Newaygo cow-testing association 
Average Fat Annual Annual Returns 

No. of. yield of content yield of Value cost of over cost 
Year cows milk of milk fat of fat feed of feed 

Lbs. Per ct. Lbs. Dollars Dollars Dollars 

1906 50 5885 .0 3.92 231.1 53.88 OL65 22 23 
1907 60 5952.7 3.94 234 .6 68 .23 39.79 28 .44 
1908 69 6095 .4 4.15 BOGE 69 .20 40 .45 28.75 
1909 12 6302 .6 4.28 269 .7 83 .98 42 .05 41.93 
1910 79 6208 .8 4.28 Zoom 90 .22 49 .52 40 .70 
1911 80 6411.0 4.38 280.9 80.65 48 .48 Sy Abe 
1912 80 6154.8 4.45 273.9 95.73 44 .46 EPA 

4 7 1913 69 6123. 4.64 284. 

These herds were much above the average for the whole country when 

the association was organized, averaging 231 lbs. of butter fat per cow, 
while the estimated average annual production for the United States is 

but 160 lbs. During the 8 years of record the average annual yield of 
butter fat was increased nearly 54 lbs. or 23 per ect. over that for 1906. 
Tho the prices of feeds have advanced markedly, the net returns over 
cost of feed have more than doubled in these herds. 

646. Official tests and advanced registry of dairy cows.—The establish- 

ment by the dairy breed associations of advanced registers for pure-bred 
cows is another important movement in the development of the dairy 
industry. Cows are entitled to place in these registers of production 
only when their yield in tests conducted by representatives of the state 
experiment stations or of the breed associations has reached the standard 

set by the association. Entry in these registers Increases the money 
value, not only of the given cow, but also of her relatives, for progressive 

breeders in their selection of animals now rely more and more upon 
records of production and less upon show-ring successes. 

647. Keeping records on the farm.—lor the dairyman who desires to 
keep his own records of the production of his cows, the following, con- 
densed from Keckles,* will be helpful: The enly records which are 
entirely satisfactory are those setting forth the daily production of 

each individual cow. This does not require as much work as one would 

anticipate, if a convenient spring balance and handy milk sheets for 
entry of the records are provided. Daily individual records make pos- 

sible the feeding of each cow with the greatest economy, enahle the herds- 

2From circular issued by U. S. Dept. Agr. ‘ 

’Dairy Cattle and Milk Production, pp. 136-140. 
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man to detect sickness quickly by the decline in milk flow, and aid in 

judging the efficiency of the different milkers. Where the weight of 
each milking is recorded, it is sufficient to take a sample covering 3 to 5 
days of each month for the butterfat determination. 

Those who feel that they cannot spend the time necessary to weigh 
each milking may obtain reasonably satisfactory records by weighing 
and sampling the milk of each cow regularly on 3 consecutive days 

each month thruout the year. The average yield of milk and fat for 

this period is taken as the average for the month. Another method of 
less value, but better than no testing, is to record the production of each 
cow for 7 consecutive days at intervals of 3 months. 

648. Unreliability of short tests——Glover* reports that during 3 years 
the best weekly record of one cow in an Illinois dairyman’s herd was 
309 lbs. of milk and 10.5 lbs. of fat. In her best lactation period, which 
lasted 266 days, she produced 5,355 Ibs. of milk and 184 lbs. of fat. The 
best weekly record of another cow was 197 lbs. of milk and 10.2 Ibs. of 
fat, less than the first cow. During her best lactation period (315 days) 
this cow, however, yielded 7,190 lbs. of milk and 367 lbs. of fat. This 
well shows the unreliability of short tests. Time, the scales, the Babcock 
fat test, combined with good judgment, are all essential in determining 
the true value of dairy cows. 

649. A herd record.—On taking charge of the New York (Cornell) 
Station’ Roberts found a herd of cows yielding about 3,000 lbs. of milk 

per head yearly. After years of careful breeding and selection the rec- 
ords shown in the table below were actually made: 

One year’s milk and fat record with a herd of 20 cows 

Cost Milk Feed cost of Fat Feed cost of 
No. of cow Age of feed produced | 100 lbs. milk} produced 1 lb. of fat 

Wares Mo. Dollars Lbs. Dollars Lbs. Cents 

INGrly | 7+ 44.24 8,029 0.55 391.6 11L 5) 
ING: We eball 5 4 47 .65 9,740 0.49 309 .2 115) 5) 
ING: “Seas 3 5 42.00 4,743 0.89 233 .6 18.0 
INC ae ea a 9 49 .07 6,009 0.82 219.3 22n5 
IN@s bo eeol 7+ 38 .74 6,215 0.62 326 .7 1 {0 
INOS 1G 1 10 41 .24 2,830 1.48 159.0 26.0 
Noha: 6 4 52 .06 11,165 0.47 418.0 PAs) 
No. 8.. 4 39 .96 5,671 0.70 285.1 14.0 
INOS 9): 3 36 .24 3,388 OM 197.3 18.5 
ING OS 4 8 46 .51 6,324 0.74 224 .7 21.0 
No. 11 1 9 43 .80 5,136 0.85 160.8 27.0 
No. 12 3 5 43 .66 5,786 0.75 294.3 15.0 
No. 13 10 4 44 .34 5,459 0.81 195 .3 22.5 
No. 14 2 4 45 .98 Cato 0.59 260.3 WNZ/ 65) 
No. 15 3 4 47 .44 9,003 0.53 299 .1 16.0 
No. 16 6 4 43 .12 9,777 0.44 330 .6 18.0 
INOS Gee Uf 3 47 .87 10,417 0.46 302 .9 16.0 
Nos ses. =| 3 4 48 .63 7,955 0.61 282 .4 Ws) 
INOS 19R 7+ | 53.38 8,656 0.62 382 .8 14.0 
INO=20)5-. 7+ 49 .08 10,754 0.46 439 .4 11.0 

‘Ill. Cir. 84. oN. Ye) (Cornell) -Bulky 52: 
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We observe a considerable range in the cost of feed for the several 

cows, a wide one in the yield of milk, and a marked difference in the cost 

of producing milk and fat. While in 1875 the average milk yield of 
the cows in the herd was only 3,000 lIbs., in 1892 the descendants of the 

same cows averaged more than 7,000 Ibs. This table teaches that even 

with good, well-fed herds it is of the highest importance to study the 
feed consumption and milk and fat production of each individual, in 
order that only the best cows and their progeny may be retained. 

650. Dairy cow censuses—Many years ago Hoard’s Dairyman, thru 
trained representatives, began studying the returns from cows on dairy 

farms in many states and under varying conditions. Following the first 

‘“cow census,’’ conducted under the supervision of W. D. Hoard in 1887, 

a series of 26 canvasses were taken from 1899 to 1908, including 2,163 

herds which contained 28,447 cows. In the following table are summar- 
ized some of the most important data compiled in these extensive 

surveys :® 

Summary of the Hoard’s Dairyman cow censuses 

; Annual Returns | Received|Feed cost 
No. yield of | Cost of | Gross | oyercost | for $1 | of butter 

of cows | butter feed returns offeedq | Worth of | fat per 
fat feed lb. 

Type of cow ss Lbs. Dols. Dols. Dols. Dols. Cts. 

Good dairy type.......| 9,865 | 189.0 | 33.95 | 51.33 | 17.388 | 1.51 18.5 

Lacking dairy type....| 8,104 | 188.2 | 32.01 | 34.04 2.03 | 1.06 | 23.0 

Value of silage | 
Herds fed silage....... 6,689 | 181.8 | 34.98 | 48.48 | 13.50 | 1.39 18.9 
Not known to be silage- | | 

FED fac tock saseeccn oul el, (008) Lole2e 82 9a Oa 6.46 | 1.20 | 22.2 

Value of good stables | | 

Herds in good stables. .| 9,506 | 180.0 | 34.53 | 48.65 | 14.12 | 1.41 | 18.7 

Herds in poor stables.. | 8,775 | 180.0 | 32.53 | 32.76 | 0.23 | 1.01 | 26.6 

Value of dairy literature | | | | 
Owners read_ dairy | 

DADOCLS es :cans Sree 6,202 | 185.0 | 34.78 | 49.32 | 14.54 | 1.42 | 17.5 
Owners read no dairy | | | 
DAVES epee aes 9,122 | 186.7 | 35.00 | 36.85 1.85 | 1.05 | 28.8 

Good and poor producers 
Most profitable herds. .| 3,848 | 234.0 | 33.66 | 59.84 | 26.18 | 1 .78 | 14.5 

Least profitable herds. .| 3,459 | 102.2 | 33.76 | 40.46 |—6.70 0.80 | 32.1 

The various differences recorded are not wholly due to the different 

single factors. For example, the low results from the herds in poor 

stables were not due to this alone but also to the fact that, compared 

with the cows in good stables, a greater proportion of these cows were 

undoubtedly lacking in dairy type and that a smaller number were fed 

silage or belonged to progressive owners who read dairy literature and 

applied its teachings in their business. The poor dairyman is usually 

deficient in not one but in many particulars. While the herds in which 

the cows were of good dairy type returned $17.38 per cow on the average 

*Compiled in U. S. Dept. Agr., Bur. of Anim. Indus., Bul. 164. 
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over cost of feed, the herds lacking in dairy type little more than paid 
for the feed they ate. The cows fed silage yielded $1.39 for each dollar’s 
worth of feed consumed, while those not known to have been fed silage 
returned but $1.20. Dairymen who read dairy papers secured a profit 
over cost of feed of $14.54 per cow, while those not directly influenced 
by dairy literature received only $1.85 per cow. 

651. Exposition breed tests.—Tests of pure-bred cows of various breeds 
for the production of milk and butter fat were conducted at the World’s 
Columbian Exposition held in Chicago in 1893; at the Pan-American 
Exposition held in Buffalo in 1901; and at the Louisiana-Purchase 
Exposition held in St. Louis in 1904. In each case the test was super- 
vised by a joint committee composed of delegates representing, on the 
one hand, the various breed associations interested, and on the other 

the Association of American Agricultural Colleges and Experiment Sta- 
tions. The representatives of the several breed associations had direct 
and fuli charge of the cows and their feed and care in all particulars. 
The representatives of the colleges and stations took charge of all 
weighings of feed as well as of milk and conducted all analyses of the 

milk. 
From the vast accumulation of data gathered during these tests the 

following condensed table is compiled, giving some of the more striking 
and helpful findings. The data for the Columbian Exposition test are 
taken from the Jersey Bulletin, 1893, and the Journal of the British 
Dairy Farmers’ Association, 1894; for the Pan-American test, from the 
Holstein-Friesian Régister, October, 1901; and for the Louisiana-Pur- 
chase Exposition, from the Dairy Cow Demonstration of the Louisiana- 

Purchase Exposition, Farrington, published by Hoard’s Dairyman. 
In these competitive tests the cows were selected and entered by the 

several breed associations, there being no restrictions as to choice. The 
chosen specimens of each breed were managed as to feed, water, and 
care entirely in accordance with the ideas and wishes of the committee 

in charge of that particular breed. The feeding and milking of each 
cow, however, was done in the presence of representatives of the colleges 
and experiment stations. A price was established for each and all kinds 
of feed by the joint committee. The sub-committee in charge of each 
competing herd was allowed to give as much of any and all kinds of the 
various feeds as it wished to each cow under its care. Full records were 
kept of everything eaten, of all the milk yielded, the gain or loss in the 
weight of the cows, ete. A price was established for milk and fat so that 
the returns of each cow over the cost of the feed consumed could be 
credited. The table which follows shows the results of one test at each 
exposition condensed and arranged for comparative study. 

Since widely different prices were charged for feed and allowed for 
products at the different expositions, the returns from milk and fat over 
cost of feed in the different tests should not be compared with one 

another. 
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Summary of principal tests of pure-bred dairy cows at the Columbian, 
Pan-American, and Lowisiana-Purchase Expositions 

Av. daily yield per cow Reed Weed Gain Daily 

Breed Per cent | cost 100 cost in live | return 
Milk | Fat | Total fat | Ibs. milk | 1Ib. fat | wt. over 

solids | | feed cost 

Columbian Exposition, Chicago, 1893: best cow in 90-day test 

Lbs. Lbs. Lbs. Cents Cents Lbs. Cents 

JEESCYsna0- fj unin ibe 40 4 2.0 ake 4.9 10 :2 14.3 81 81.3 
Guernsey... . 2... BOF OM Lad oe 4.4 64.6 14.8 | —138 64.2 
Shorthorn .........| 40.9 ee Sat 65.5 18.0 HAG Heh 505) 

Pan-American Exposition, Buffalo, 1901: average of 5 cows, 146 days 

JETSCV cee steele eee Ala O re 4.2 4.2 48 .8 bat 35) PLAS 
Guernsey ss. wae WoleOal) els 4.2 4.3 47 9 eal 2301 
Ayrshire.......... O00 12 4.6 yall 40.5 12.9 26 .4 
Shorvhormys ae eases allo ON We 4.4 3) 33 48 .4 14.6 PPLE 
Holstein-Friesian...) 44.2 | 1.3 all 3.0 40.2 Wey 28 .6 
Polled Jersey...... | 23.4 1.0 Sal 4.4 ole eo 185) 57 
French Canadian... 28.5 | 1.1 3.6 3.8 44 2 1S 2022 
Brown Swiss.......| 35.8 | 1.2 a) 3.4 45.7 13.4 AR 33 
RieduRoll seen: aa) 3) legs 4.2 SEO 45 .8 ea 21.8 
Dutch Belted. ..... | 28.0 0.9 ono Sad 51.4 16.1 Is 7 

Louisiana-Purchase Exposition, St. Louis, 1904: best and poorest cow, 120 days 

Jersey 
Best cow...>....| 48.4 } 2.38 6.0 4.8 55.0 9.7 UME pa ee alk 
Poorest cow..... Soon le Oeil 4.1 65 .0 13.2 stay. | PPB 

Holstein-Friesian 
IBESt COW. eee a ell Oeeo 2.4 ao at sts) 45 .0 IE) 54 38 .4 
Poorest cow..... 47.1 1 5) dell oa2 ClO e625 147 Iksy 0) 

Brown Swiss 
Best cow........ bet) 1.8 6.1 3.4 54.5 1S} 27 74 Zoe 
Poorest cow..... DOOM tele dell 3.8 69.5 Taio 147 16.5 

Shorthorn 
BestiGOwie sa. one 43 .4 lee 5) 5: 4.0 54.5 ii 3% 139 Dial 

Poorest cow..... 214s ORS Da 3.9 | 107.5 2325 234 1.6 

652. Wisconsin Dairy Cow Competition—The most extensive breed 

competition which has been conducted in this country is the Wisconsin 
Dairy Cow Competition, carried on under the supervision of the Wis- 
consin Station.? Some of the data secured in this contest, in which 

yearly records were secured for 395 cows, is condensed in the table: 

Results of Wisconsin Dairy Cow Competition 
Net Value of 

No. of Yearly Yearly Value of Cost of returns products 
yield of yield of 

i fat 
cows eerie products* feed over cost per 100 

of feed feed units* 
Lbs. Lbs. Dols. Dols. Dols. Dols. 

Breed test 
Holsteitene se los 4689 503 164.40 91.07 73.83 2.08 
Guernsey........ 157 8,465 421 131.59 70.95 60.64 2.05 
JOLBCY iis sone dee ae 80 7,047 3638 113.00 58.88 59.12 2.05 

All breeds 
Highest producers 134  ..... 528 7800 166282), 11910 Siei2eweacoo 
Medium producers 133 ..... 490.6) leas 11.08) 62°67 6 2804 
Lowest producers Slee ie 338.9 108.12 65.95 42.17 IS 

* Butter fat, $0.28 per lb., skim milk, $0.20 per 100 ibs. 

7™Wis. Res. Bul. 26; Bul. 226. 
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The results of this competition show plainly the fact, already empha- 
sized, that high producers yield sufficient product to much more than 
pay for the larger amount of feed they eat, compared with low-pro- 
ducing individuals. (544-7) 

653. Forced feeding of cows on test.—The feeding of cows being forced 
to their utmost production is an art concerning which only general 

suggestions can be made. Skilled feeders employ heavy allowances 
of rich concentrates mixed in considerable variety, in addition to legume 
hay, corn silage, and often roots, soilage, or other succulence. By care- 
ful attention to all details and by adapting the ration to the peculiar- 
ities of the individual cows, the animals are kept from going off feed 
on their rich rations. 

Farrington’ gives the following to show the actual rations fed on a 
certain day to cows of the several breeds in the Louisiana-Purchase 
Exposition dairy contest. 

| Brown Holstein- 
urine Ryscsan Jersey Shorthorn 

> ae miincughageun anh Lbs. Lbs. | Lbs. Lbs. 

Woncealfalta havi acc as occa eng a: | 7 aft elon 9 
Guipalfalfanhayis cc. sinaaseutciemee e: ig 15 | 6.0 te 
(Cava (0 ex Go Risk een teat Gees ne nag fe a 16.0 24 
@reenycuticorm forages.) 025 6-1 1. 40 15 Be a. 
GRMEREECOWDECRS are > s hicualiva le idm aieitig el ans Oe 35 nude us 

Total roughage (green and dry). . | 47 65 40 .0 33 

Concentrates 
Wikteattior arin tsa.) .eeiatas es sibeeraneaees as 2D 3.0 4. 
inseedsoilimesil a. 4250500. 2st aoe. ay cif 2.0 2 
Grounds oats ire ess Ais, cava fk LOG ga 1 2415) 2 
VOM LCCC 2s eels le ee ee 8 5 2.5 3 
Ciluntenbiec He Os gs ATE era see ie ae SEO 2 
WOvMPMEeS Hei SU ES racks 11,5) ae 
@ornpsheartss so. -o8 ot ld eee at om Po 5 2 
Cottonseed measly.) a... dar ae ele 1 1 We 2 
DIstillersMorainss wks cs mea wees as | 15 14 ne 4 

Motalyconcentratess.. 5. el 24 22 19.0 21 

While the roughage supply for the cows under test was not large, a 
heavy concentrate allowance of from 19 to 24 lbs. was fed daily, the 
Brown Swiss cows getting the largest and the Jerseys the least. Haecker 

of the Minnesota Station,® on studying the records secured in this con- 
test, finds that on such heavy rations the cows converted a smaller 

percentage of the nutrients into milk than do good cows on ordinary, 
well-balanced rations. In forced feeding especial care must be exercised 
lest the health of the cow be permanently injured. 

654. Records of great cows.—The following summary of the records 
of production and feed for champion cows of the leading dairy breeds 
will be of interest in showing how such great cows have been fed while 

SDairy Cow Demonstration, La—Purch. Expo. 

®Minn. Bul. 106. ” Hoard’s Dairyman, 46, p. 477. 
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on test: Auchenbrain Brown Kate 4th,'® a pure-bred Ayrshire, yielded 
23,022 lbs. of 3.99 per ct. milk, containing 917.6 lbs. fat, in the year 
ending October 2, 1913. Thruout the test she was milked 3 times a 
day. During the year she consumed 704 lbs. bran, 762 lbs. hominy, 

1,074 Ibs. ground oats, 548 lbs. gluten feed, 812 lbs. cottonseed meal, 
134 lbs. peanut meal, 908 lbs. Linseed meal, 8,000 Ibs. silage, 21,000 lbs. 
beets, and 2,880 ibs. alfalfa hay, the total cost of feed being $184.62. 
The highest allowance of grain fed was 15 lbs. per day. 

During the year ending January 20, 1914, the pure-bred Jersey cow 
Sophie 19th produced in her fifth lactation period 17,558 Ibs. of 5.69 
per ct. milk, containing 999.1 lbs. of fat. In this and her preceding 4 
lactation periods she yielded a total of 4,428 lbs. of butter, containing 
85 per ct. fat,4t a remarkable record of persistent high production. 

Murne Cowan,'’? a 9-yr.-old pure-bred Guernsey, during the year 

ending February 19, 1915 gave 24,008 Ibs. of milk testing 4.57 per ct. fat 

and containing 1,098.2 lbs. of butter fat. Three months after she com- 

pleted her record she dropped a vigorous calf. While on test she was 

milked 4 times daily. During the year she consumed an average of 

16.3 lbs. of mixed concentrates daily, and ate in addition 3.5 lbs. dried 

beet pulp, 1.3 Ibs. molasses, 16.0 lbs. of beets, 38.0 lbs. of silage, and 
8.5 Ibs. of alfalfa hay, with green sweet corn and green alfalfa additional 

during the summer. The wide variety of feeds often employed by 
skilled feeders with cows on test is shown by the rations fed this cow 

during 2 months: 

March, 1914. From the 1st to the 18th, 17 lbs. of the following concentrate 
mixture: bran 4.5 parts; hominy 3.5 parts; ground oats 3 parts; dried distillers’ 
grains and linseed meal, each 2 parts; Sugar Malt and gluten feed, each 1 part. 
In addition 4.5 lbs. dried beet pulp, 30 lbs. beets, 36 Ibs. silage, and 11 Ibs. 
alfalfa hay. From the 19th to the 31st., 19.5 lbs. of the following concentrate 
mixture: bran 4 parts; hominy, dried distillers’ grains, and linseed meal, each 
1.5 parts; ground oats and wheat feed, each 3 parts; flaxseed meal 2 parts; 
Sugar Malt, gluten feed, and peanut meal, each 1 part. In addition 3 lbs. 
dried beet pulp, 24 lbs. beets, 37 Ibs. silage, and 13 lbs. alfalfa hay. 

August, 1914. Fourteen lbs. of the following mixture: bran 4 parts; hominy 

2.5 parts; ground oats 8.5 parts; dried distillers’ grains 5.5 parts; Sugar Malt 

2 parts; gluten feed 0.5 part; cottonseed meal and linseed meal, each 1 part. 

In ad@dition 1.2 lbs. oat feed, 2 lbs. dried beet pulp, 20 Ibs. beets, 15 Ibs. each 

sweet corn forage and green alfalfa, 36 Ibs. silage, and 9.5 Ibs. alfalfa hay. 

The total cost of feed for the year was $196.73 and the estimated 

cost of labor, including feeding, grooming, and milking, $146. 

Finderne Pride Johanna Rue, a 5-yr.-old pure-bred Holstein cow, 

yielded 28,403 Ibs. of milk testing 4.14 per ct. and containing 1,176.5 

ibs. of butter fat in the year ending June, 1915. She was fed about 17 

Ibs. daily of a concentrate mixture consisting of Schumacher Feed, Blue 

Ribbon Dairy Feed, hominy feed, wheat bran, gluten meal, distillers’ 

dried grains, and linseed meal. In addition she was given about 20 lbs. 

of corn silage per head daily with what wild meadow hay she would con- 

sume and with some dried beet pulp, soaked before feeding, and some 

1 Hoard’s Dairyman, 47, p. 75. 

” Guernsey Breeder’s Jour., 7, 1915, Nos. 3 and 6. 



RECORDS OF PRODUCTION OF DAIRY COWS 395 

mangels during the season. During the summer months she was turned 

out oceasionally into a small lot where she obtained but little pasturage. 

Il. Ferp REQUIRED By Cow AND Cost oF Propuctne MILK AND Fat 

655. Annual feed requirement.—The next table condenses studies 
covering from 1 to 6 years at 10 widely separated American stations, 
showing the yearly feed requirement of cows and their returns in milk 

and fat. 

Annual feed requirement of the dairy cow as found by 10 stations 

Feed eaten Returns 

Stations NO: of | | mle ese 
years | Pasture | Consens se Hay per cow Milk Fat 

| Days | Lbs. Lbs. Lbs. Dee || ieee. || ibibs. 
Massachusetts!...) 6 38 2,149 4,938 5,105 | 90.04 | 6,036 306 
Connecticut?..... 5 152 2,029 8,694 1,830 | 53.46 | 5,498 279 
New Jersey®..... 6 168 2,624 16,753 1,825 | 44.68 | 6,165 PUT. 
Michigan’....... 1 139 2,774 3,638 3,986 | 35.96 | 7,009 260 
Wasconsim ).). 2... 3 180 1,914 9,448 1,200 | 37.68 | 7,061 299 
Wisconsin®....... 4 150* | 2,010 8,318 1,490 | 48.82 | 8,086 344 
Minnesota’......| 1 131 3,435 5,306 2,029 | 37.82 | 6,408 301 
Missouri®........ 1 191 SHOP MW ob aoe 3,480 | 35.30 | 5,927 248 
WW i ed ee 5 153 We | sas oe 4,518 | 21.48 | 5,601 Doh 
Montana”....... 2 150 DTG OE ile eavser 6,468 | 32.45 | 5,993 250 
Nebraskal!....... 2 187 1,979 3,692 2,347 | 31.61 | 8,783 339 

1 Bul. 145. 2 Bul. 29. 3 Rpts. 1897-1904. 4 Bul. 166. * Rpts. 1905-7. 6 Buls. 167, 187,217. 7 Bul. 35 
§Bul. 26. % Bul. 68. 1° Rpt. 1905. ™ Bul. 101. 

* Pasture limited in amount. 

At the Massachusetts Station the cows were fed soilage thruout the 
summer, only the dry cows being turned to pasture. In New Jersey 

the cows were likewise maintained in summer almost wholly on soilage 

and silage. At the other stations the pasture period ranged from 131 
days in Minnesota to 191 in Missouri. The great value of alfalfa hay 
in reducing the amount of concentrates fed and the cost of keep is shown 
by the Utah and Montana reports. The prices of feed have advanced 
materially since these results were reported so the figures do not repre- 
sent the present cost of feed per cow. In the second average for Wiscon- 
sin, for the years 1907-11, the annual cost of feed per cow is $11.14 higher 
than the average for the first 3 years reported, 1904-7. Since 1911 the 
prices have advanced still further. The milk returns varied from 5,498 

Ibs. per cow in Connecticut to 8,783 lbs. in Nebraska, and the fat from 

237 lbs. in Utah to 344 lbs. in Wisconsin. 
From this table the intelligent, experienced dairyman can closely 

estimate the quantity and cost of the concentrates and roughages re- 
quired to maintain his herd of cows during the year, and the returns in 
milk and fat he may reasonably expect therefrom. 

656. Monthly feed cost of milk—The following data from 4 widely 
separated stations, compiled in 1897, show the feed cost of milk and 

fat for different months of the year at the prices prevailing for feeds 

and pasture at that date: 
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Feed cost of 100 lbs. of milk and 1 lb. of fat by months 

New York! Minnesota? Missouris Utah Average 

Number of cows..........5. 20 23 12 1h 
Average weight of cows..... 1,123 Ibs, 976 Ibs. 990 Ibs, 970 Ibs. 
Average fat per cow........ 286 Ibs. 301 Ibs, 248 Ibs, 222 Ibs, 

LO0 100 100 100 
Month Thay | Fepod IBAA te cemee dl Iba. | capella dell Sew Myaiiie | Samet 

mille mills : mills mille j 

January. F veeeceeeveveee {GO .64 16 .17 |$ .65 |$ .149/8 .904 18 .240/6 .56 [$8 .1388/8 .68 |# .168 
February....... sini ees 68 .18 67 151} 1.01 .2638| .62 -160) .72 .179 
Wiaroli. easiae ee aaa see 46 .18 67 .165} 1.21 .299| .59 .142| .76 187 
April... Mf 18 71 162) 1.01 .234 Ad 121 ntl Lia 
Mnay..... 58 145 .69 132 AB O96 48 e113) .O4 .125 
INN vanenpisresetiere nrc apne ani aes 28 .075 .o2 076 24 058 15 038 26 O64 

July wa dan efaepravecante ; .38 O95 MY f O78 23 0538 19 049 ol .072 

August...... Hs Tee 65 2155 51 114 14 O88 21 051 42 OOS 

MGPUGMDGP: ogc sce aes oe Jol 125 D1 106 21 052 26 066 a O04 
October. .... pre aia eth ate ahaha 41 105 60 140 42 098 .38 O91 AT 112 
November........ceeeeeeee 65 175 68 159 65 .153 .69 135 65 157 
DGGGMDOM. vais se sv wre saree .68 155 65 - 164) 1,08 .265) .68 143 nyt .174 

AVOTAR Os sik sctevhes one aacares $ .O7 [# .145]% .58 |b .13838)% .63 |b .152)6 1.43 fh .104)% 1.55 |b 11383 

1 Bul. 52. 2 Bul. 35. § Bul. 26. 4 Bal. 43. 

Since these data were gathered the cost of feeding stuffs has greatly 

advanced, so that the figures are only relatively valuable. They show 
that in 1897 the feed necessary to produce 100 Ibs. of milk in Mareh cost 

76 cts., while when the same cows were on pasture in June it fell to 

26 ets. Winter prices were again reached in November. The average 

feed cost for the year at the 4 stations was 55 ets. for 100 Ibs. of milk 

and 13.8 ets. for a pound of fat. To get the present feed cost of milk 
and fat in the United States the figures should be inereased by from 

40 to 75 per et. 

657. Cost of keeping cows.—In addition to the cost of feed, the dairy 
cow should be charged with: (1) depreciation, interest, and taxes on the 

cow herself; (2) depreciation, interest, and taxes on barn; (3) depreei- 
ation and interest on barn tools and dairy implements; (4) cost of perish- 

able tools and supplies, including bedding, ice, salt, brushes, record 

sheets, ete.; (5) proportionate cost of pure-bred sire; (6) cost of labor 
in caring for cow. These charges are estimated by various authorities as 

follows : 

Cost of keeping cows in addition to cost of feed 

Lindsey, Trueman, Rasmussen, | Cook and 
Mass. Conn. N; (EL Minkler, N. J. 
Station! Station? Stations Station4 

ee od eee Dollars Dollars Dollars f Dollars 

Int. and depreciation on cow......... 16.50 21.40 29 43 15.00 
Barn for housing cow and feed....... 7.50 a a 6.00 
Int. and depreciation on tools and im- 

DIGMIONTS sihc aretennr eteaawes weteks esisheneenuen LSE MP Lele sel biel oketags 5 reese 
Perishable tools and supplies......... 9 00 7.00 7 57 3.65 
Cost of pure-bred bull, per cow....... 4.00 3.00 SA 1.93 
1B) 00) Viana Aen Aine tReuras Pini RCE Aaa ect a 35.00 33.60 33 .73 30 .34 

73.15 65 .00 67 .52 55.92” 
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These charges will vary greatly for the different sections of the 

country, depending on the price of labor, the shelter required, ete. 
The above figures will, however, give an approximate idea of the amount 

which should be added to the cost of feed to obtain the total cost of 
maintaining a cow for a year. In turn, the cow should be credited not 

only with the value of her product, either milk, or butter fat and skim 
milk, but also with the value of her calf and of the manure she produces. 



CHAPTER XXIV 

WMD AND CARM OF THE DALRY GOW 

I, Wnmoma won Mite Propuwerrorn 

Nivery diyniin tnows that ih is in late spring ov early summer 

While on Tock postive, that the daiy herd nominally reaches the 

HO prodiehion for the your, Ag Weldes! pote oat, this fies 

henehers Thi to deeiie the largest total yield of mille the dadeyiiin should 

Hibibe Lhese sone conditions ais elosely as possible diving the other 

months of the yeu The stoniner conditions whieh bene about the 

HO proddetion of dialle and batter fat are 

1, Au abttidinee of feed 

YA balineed vation 

a Piieedtont food 

4, Palibible foed 

5 A ihodedile leniperatine 

GO ComPorbable stots 

7, Thensonable excercise 

Upon the ability of the diaryniin to data these Favorable eon 

ditions for did herd thavowth the year, depends ii larwe measure the 

protils ha wilh recearve 

G54, Generous feeding, An before pombed out (b4062), the property 

heed and properly fed diary cow on the dosh official aninal iachine 

in eodindhenee for the conversion of the gross produeta of the flelds and 

pankien Gibo refined qahieles of the highest palatability and nitive 
properties for Tt consaiiplion, Yet many damymen male the 

demons dinhake Of failing to supply Chis responsive anil diaehine 

With aifficnent aw aber oa the shape of feed, to Gnisure the most 

eOOHOHHOnE prodetion, Pinee ah requires about hall of all the feed that 

oven the wood dairy eow will eat, merely to matitan her body, i she 

in given bab little beyond the ditintenanee ration obviously only a 

Amit) porhion Will be avathible for nutle proddaetion, Pines the LOOOTb, 

cow requires about 70) tba, total digestible nitrienta daily for her 

Hiintoninee, ad shown tt Appendix Table V, the following table* shows 

the theoretical economy with whieh she will produce ill when given 

nildhitional food 

‘Dairy Gatlle and Mille Produetion, p, 2h’ 

‘Adupled from Welles, Dairy Caltle and Mille Produetion, p, 204 

AV 
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KEBD AND CAKE OF THE DAIRY Gow ayy 

Koanomy of milk production on varying allowances of food 
Nulionts Avalide Sroporion 

fi (oF WYN fo 
moines produclion produeyion 

Ais, bis, Ver oh, 

Half ration, 7.90 Ibs, dig, nutriente........,, 7.00 iF) 7) 
Threedourths ration, 1146 Ibs, dig, nutrients, 790 406 Wh 
Pull ration, 15.40 Ibe, dig, nutrients 700 7 90 7) 

Theoretically, when fed 7.9 Ihe, digestible nutrients the 1000-+b, cow 

requires the entire amount for the up-keep of her body, leaving nothing 
for milk production, While she will continue for « tine to yield some 
milk on this meager allowance, such return will be at the expense of 
her own body tissues, (643) When fed three-fourths of « full vation 
the cow can then utilize the added fourth for mille production, while 
if given # full vation half her feed is available for milk production, 

659, The proper concentrate allowance,The question of how much 
concentwites should be fed the dairy cow is of great evonomic impor 

tance to dairymen, for under normal conditions roughages are the cheap 
and voncentrates the costly part of the ration, The amount of concen 
trates advisable depends first of all on the quantity and quality of the 
roughages furnished; and second, on the productive capaoity of the 
wows, We have seen in the preceding chapter that « ration containing 
only legume hay and good corn silage will sustain « fair production of 
milk, Indeed, with ordinary cows such # ration may prove the most 
economical when concentrates are high in price, WMowever, » wow of 
good dairy type and temperament will generally pay, thru the ineressed 
product, for a reasonable allowance of concentrates added to wll the 
good roughage she will eat, Linfield of the Utah Station,” where alfalfa 
hay is Jargely fed for roughage, states that any excess over 6 lhe, of 
concentrates in the vation usually ineresses the cost of production, 
Stewart and Atwood of the West Virginian Station,’ feeding timothy 
hay and corn silage for roughage, found that any ineresse in once 
trates beyond 5 or 6 She, per cow daily did not bring corresponding 
returns, Wills of the Vermont Station,” after years of study of rations 
in which mixed hay and corn silage usually formed the roughage, cone 
cludes that 10 Ihe, of concentrates will rarely pay over # smaller mlow- 

ance, while 2 Ihe, is too little, even with a full supply of roughage, 
When good quality roughage is plentiful, 4 ths, of concentrates is likely 
to yield net returns nearly equal to an Bh, concentrate mMlowanees Wat 
when the after-production and the manurial value of the ration are won 
sidered, a concentrate allowance of 6 to 4 hs, ems advisable, Woll and 
Carlyle in 2 trials at the Wisconsin Station’ found that with hay and corn 
silage for roughage 4 lbs, of concentrates gave as good returns in milk 
and fat as 12 Ihe, ’ 

Attention is directed to the relatively small allowance of concen- 

trates recommended by the various investigators, Vhis material reduc- 

‘UWiah Bul, 42. *W. Va, Wu, 106. ° Vt Bul 127. * Wis, Ryte, 1299, 1900, 

a 
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tion from earlier recommendations tends to the more economical pro- 
duction of dairy products. The reader should note, however, that 
where small allowances of concentrates proved the most economical the 
roughage fed was always ample in quantity and desirable in quality, 
corn silage carrying more or less grain, and clover or alfalfa hay usually 
being employed. The dairyman who persists in feeding his cows wholly 

on such low-grade roughages as timothy hay, corn stover, ete., must pay 

the penalty by feeding from 10 to 12 lbs. of expensive concentrates daily 
if his cows are to maintain a reasonable flow of milk. 

The wise dairyman will hold in mind that a good dairy cow in full 

flow of milk is expending fully as much energy as a horse at hard labor 
and this without cessation for many months. We know that the harder 

a horse works the more grain and the less roughage he must have, and 

the same is true for the cow. (457) In feeding, the aim should be to 
supply as much good roughage as the cow will readily consume, and to 

this add sufficient concentrates to keep the digestible matter up to the 
standard set by the scientists. (Chapter VIT) 

660. The ration should be properly balanced.—As we have seen (310), 

immature grass is rich in protein compared with carbohydrates and fat. 
Indeed Wolff based his standard, in which he advocated a heavy allow- 

ance of protein for the dairy cow, upon the composition of pasture grass. 
(156-7) While we have learned thru actual feeding trials that it is 
not necessary to furnish the dairy cow with as much protein as was 

advised by Wolff, her ration should nevertheless be much richer in pro- 
tein than those for fattening or work animals. (150) Owing to the 
heavy demand for lime and phosphorus in milk production, the supply 

of these mineral nutrients must likewise be ample. Fortunately, both 
of these constituents are furnished in abundance by legume hay. The 
amount of protein it will pay to feed the dairy cow will depend, as has 
already been pointed out, on the relative prices of nitrogenous and 
carbonaceous feeds. In. no case should the protein allowance fall far 

below the minimum amounts shown in Appendix Table V. In districts 
where protein-rich feeds are cheap, it is often more important to know 

how narrow a ration may safely be fed. Michels’ and MceNutt* found 
in trials at the North Carolina Station that rations containing 4 to 6 lbs. 
of cottonseed meal and having nutritive ratios as narrow as 1:4 were 

entirely satisfactory. 
661. Cows should Ye fed individually—So pronounced is the tendency 

to milk production in cows of marked dairy temperament that, in spite 
of the most liberal feeding, they will rarely lay on flesh when in full 

flow of milk, provided their ration is well balanced. On the other hand, 

cows of ordinary capacity may easily be overfed, in which case they will 

store the surplus nutrients in the form of body fat, rather than increasing 

their milk production. Since even in a well-bred and well-selected herd 
the different cows vary widely in productive ability, for the greatest 

7™N. C. Bul. 213. §’ Proc. Amer. Soc..Anim. Prod., 1914. 
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profit the cows must be fed as individuals, rather than each animal 
being given the same ration. Only under exceptional conditions does 
this mean, however, that it is practicable to compute a balanced ration 

for each different animal. Ordinarily it will suffice to determine what 

amounts and proportions of feeds should be used to provide an econom- 
ical ration that will meet the standards for the average of the herd, in 
the manner shown in Chapters VII and VIII. Each cow may then be 
given all the roughage she will eat, and the allowance of concentrates 
adjusted according to her production. A dairy cow will usually con- 

sume about 2 Ibs. of dry roughage of good quality daily per 100 lbs. live 

weight, or 1 lb. of dry roughage and 3 lbs. of silage. Common rules 

for feeding concentrates are: 

1. Feed 1 lb. of concentrates per day for each pound of butter fat the cow 
produces per week, or 

2. Feed 1 lb. of concentrates per day for each 3 to 4 Ibs. of milk, depending 
on its richness, or 

3. Feed as heavy an allowance as the cow will pay for at the ruling prices 
for feeds and products, increasing the allowance gradually until she fails to 
respond by an increase in production which will cover the increase in cost. 

The first 2 rules apply only when abundant roughage of good quality 
is supplied. Heavy producers require a narrower nutritive ratio than 
ordinary animals, and hence it may be advisable to alter the character 

of the grain mixture for them. It is also wise to feed a more nitro- 
genous concentrate allowance to cows which show a tendency to fatten, 

while animals which are losing flesh should receive a larger proportion 

of the carbonaceous concentrates, such as the farm-grown grains. 
662. Feeding concentrates on pasture—The economy of feeding con- 

centrates to cows on pasture has been studied at a number of stations. 
Shelton and Cottrell of the Kansas Station® found that feeding grain to 
cows on pasture did not directly pay, even tho tne yield of milk was 

increased as much as 31 per ct. Moore of the Mississippi Station,*® on 
feeding 3 lbs. of cottonseed meal and 4 lbs. of wheat bran daily per cow 
to a dairy herd on pasture, found that the increased milk flow did not 
justify the expense, tho the firmness of the butter was greatly improved 
by feeding the cottonseed meal. At the Utah Station"? Linfield found 

that cows getting some concentrates while on pasture, at first showed 
no great advantage therefrom; later the effects of such feed became 
apparent, the difference being very marked by the following winter. 

Roberts of the New York (Cornell) Station’? found that cows fed con- 
centrates while on luxuriant pasture gave less milk and no more fat than 
those on grass alone. With luxuriant pasture except for a short period, 
both lots did equally well. Grain-fed cows that were fed grass for 
soilage gave just enough more milk than others fed no grain to pay for 

the concentrates fed. The study was then transferred to a nearby dairy 

®*Kan. Rpt. 1888. “Utah Bul. 68. 

Miss. Bul. 70. 2N. Y. (Cornell) Buls. 13, 22, 36, 49. 
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farm. A herd of 16 cows lightly fed the previous winter was divided into 
2 lots of 8 cows each, all grazing on the same pasture. Each cow in Lot I 

was given 4 quarts daily of rich concentrates, while those in Lot II re- 
ceived none. When the grass began to fail in August soilage was fed. The 

returns for 22 weeks are as follows: 

Feeding concentrates to cows on pasture 

Lot I Lot II 
Pasture with Pasture without 
concentrates concentrates 

Concentrates'tedy poundsis: 4.1). ..auad ee cue ee 51200 Ma i ee: 
Mialkeyaeldi pound Saye een eee eee 22,629 17,698 
Excess of milk in favor of Lot I, pounds........... A OST ee Near 
Gain in weight per cow, pounds.................. 166 118 
Average per cent fat in milk..................... 4.67 4.70 
Average percent total,solids. 7.0. 4.e25 0s. 0.240. 14.08 14.19 

In this trial the pastured cows getting concentrates gave 28 per ct. 

more milk than those getting no concentrates, and each pound of con- 
centrates fed returned about 1 lb. of milk. 

The following year no concentrates were fed to either lot while on 
pasture. The 6-months yield from 6 cows that remained in each lot was 
as follows: 

Residual effect of fecding concentrates 

Lot I Lot I 
Fed no 

Fed concentrates concentrates 
previous year previous year 

Average yield per cow, 6 months, pounds.......... 3,440 2,960 
Indavorol Hotel, pounds. s.cstc6. eon 480 ae 

Tho getting no concentrates, Lot I returned 480 lbs., or 16 per ct., 

more milk than Lot II. Roberts holds that this was due to feeding con- 

centrates the preceding year. The benefits were especially marked in 
the case of the heifers, the 2- and 3-yr.-olds fed concentrates the year 
before developing into better animals than their mates which had been 

fed no concentrates the previous year while on pasture. 
In a test on the Elmendorf Farm, Hooper of the Kentucky Station 

found that one lot of cows, fed 4 lbs. of a grain mixture per head daily 

while on bluegrass pasture, returned 19 cents per head daily more profit 

over cost of feed than another lot on bluegrass pasture alone. A third 
lot, fed 10 lbs. of corn silage per head daily, returned only 2 cents 
more profit than the cows on pasture only, and a fourth lot, fed 4 lbs. of 
erain and 10 Ibs. of silage, but 12 cents more over the cost of feed. 

Foster and Latta found at the New Mexico Station™ that altho 
the production was increased by feeding grain to cows on good mixed 

pasture, the additional product did not pay for the greater cost of feed. 
The advisability of feeding concentrates to cows on ample pasture 

thus depends entirely on the relative cost of pasturage and concentrates, 

genie 1eRbUL, aby(ale MN. M. Bul. 98. 
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the price secured for dairy products, and the productive capacity of 
the cows. While the animal giving only an average quantity of milk 
may not pay for such addition of concentrates, the heavy-yielding cow 

ean not continue long on her level of high production without some 

concentrates, unless the pasture be unusually luxuriant. Eckles'® con- 

cludes that a Jersey giving as much as 20 lbs. of milk per day, or a 
Holstein yielding 25 lbs. of milk or more, should be fed some concen- 
trates on pasture. The amount to be fed must be left to the business 
judgment of the individual dairyman. 

663. Supplementing short pasture——It is of the greatest importance 
that additional feed be provided for dairy cows when pastures become 
parched and scant in midsummer. Corn or sorghum silage usually 
furnishes the cheapest feed for this purpose (412), but where this is 

not available soiling crops should be specially grown. (418-22) When 
the pasturage is scant, the increased milk flow will fully and directly 

compensate for additional succulence or other feed supplied. Where 
the pastures are short, unless soilage crops or concentrates are fed, the 

milk flow will surely decrease, and, even should the pastures improve 

later, the cows cannot be brought back to their normal milk flow. The 
greater value to the pastures of the droppings from concentrate-fed 

cows will often prove the deciding factor with thoughtful dairymen. 
The residual effects upon the cows from concentrate-feeding on pastures, 
as pointed out by Roberts and Linfield, are most important and should 
not be overlooked. 

664. Succulent and palatable feed—The great importance of succulent 

feed for the dairy cow has been shown in the trials which have been 

reviewed in the preceding chapter. (629-43) These show clearly that 
it pays to provide succulence, either corn silage or roots, for winter 
feeding to take the place of the green grass the cows get in summer. 
The value of succulent feed is due in no small measure to its beneficial 
laxative effect and to its palatability, which undoubtedly tends to stim- 

ulate digestion. (109) In general, not only should succulence be 

supplied, but the rest of the ration for cows yielding a good flow of 
milk should be as palatable as possible. Such roughages as timothy 
hay, straw, and corn stover may be used in limited amount, but for the 

best results should not constitute the chief roughage. As has been 

pointed out before, concentrates which are not relished when fed alone 
may be mixed with well-liked feed, the whole forming a palatable mix- 
ture. (594, 608) 

The concentrate allowance should be composed of a reasonable num- 
ber of feeds, for a mixture is relished better than only a single kind of 
grain or roughage. It is also best to feed at least 2 kinds of roughage. 
The most successful dairymen maintain that when a satisfactory bal- 
anced ration has been provided, it is then best to make as few changes as 
possible.*® 

% Dairy Cattle and Milk Production, p. 256. 

1 Haecker, Minn. Bul. 130; Eckles, Dairy Cattle and Milk Production, p. 284. 
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665. Water.—Cows require a large amount of water for their bodily 

needs and for the milk. Kekles'’ found that cows in milk drank 4 times 
as much water as when they were dry and farrow. Collier of the New 

York (Geneva) Station*® found that cows obtained 4.6 lbs. of water in 
feed and drink for every pound of milk they yielded. At the Pennsyl- 

vania Station’? Armsby found that cows averaging about 750 lbs., fed 
fresh grass in stalls where the temperature averaged 70° F., drank about 

60 lbs. of water each daily. Others fed dry grass where a temperature 
of 73° F. prevailed drank 107 lbs. When at the Wisconsin Station*® the 
same investigator found that cows drank more water on protein-rich 
than on protein-poor rations. In general the water provision for dairy 

cows should be about 100 Ibs., or 12.5 gallons, per head per day. Heavy 
yielding cows will require much larger amounts, for Eckles found that a 
Holstein cow producing about 100 Ibs. of milk per day on a ration of 

18 lbs. alfalfa hay, 10 Ibs. corn silage, and 14 to 20 lbs. of concentrates 
drank from 216 to 307 lbs. of water daily. As cows are creatures of 

habit, those of ordinary productive capacity will have their needs sup- 
plied if once each day they have opportunity to secure easily all the 

water they then can drink. Most authorities agree that high-producing 
animals should have water at least twice a day. The supply should be 
of good quality and close by, so the cows will not be forced to travel far. 
The dairyman who boasts of a spring or creek to which his cows must 
daily journey, often in inclement weather, will find a conveniently 
located well with windmill or gasoline lift far superior. (103) 

Opinions differ as to the advisability of warming water for cows in 

winter. Owing to the heavy rations cows in milk consume there is a 

large amount of heat produced in their bodies thru the energy expended 
in the mastication, digestion, and assimilation of the feed. When com- 

fortably housed probably little or no nutrients need be burned in the 
body for warming the water drunk in winter, provided it is no colder 

than that from a deep well. Hills of the Vermont Station*t found no 

benefit from warming water for cows in comfortable quarters. An 

important reason for warming the water for heavy-yielding cows is 

that unless this is done they may not drink a sufficient quantity to make 

possible the maximum production of milk. There has been much dis- 

cussion in regard to watering the cows in their stalls. Hayward of the 

Pennsylvania Station’? and Hills of the Vermont Station’® found no 

advantage in keeping water continuously before cows, instead of allowing 

them to drink once daily. In regions with severe winters most author- 

ities recommend that the animals be watered indoors when the weather 

is so inclement that it is not desirable to turn them out for exercise. Some 

devices for stall-watering are actually dangerous, for tho the drinking 

basin may be kept clean, the supply pipe coming into it from below re- 

“Dairy Cattle and Milk Production, p. 242. 2OVitee ED ts Lo One 

18 Proc, of “N. Y. Farmers,” 1892-3. #2 Penn. Bul. 56: 

1 Penn. Rpt. 1888. 2S VitaeR Dt 90% 

2° Wis. Rpt. 1886. 
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tains saliva and particles of food which may drop into the basin. Such 
material quickly putrefies, lines the pipes with a slimy mass, and con- 
taminates the water which rises into the basin. 

666. Salt—The studies of Babeock and Carlyle, already reviewed 

(101), show that dairy cows require salt to thrive. The amount to be 
fed will vary according to the salt content of the feeding-stuffs in the 
ration. More should be supplied when heavy allowances of rich concen- 

trates are fed. These investigators found that when allowed free access 

to salt cows consumed about 1 ounce daily, and conclude that 0.75 ounce 

daily per 1,000 lbs. live weight, with 0.6 ounce in addition for each 20 lbs. 
of milk, is generally sufficient. The salt allowance may be regularly 
mixed with the feed, or it may be placed where the animals can consume 

it as their appetite directs. 

II. Hints on Carine For Datry Cows 

667. Shelter and comfort.—The steer, gorged with feed and every day 

adding to the heat-holding fat layer just beneath the skin, prefers the 
yard or open shed to the stable. (727) The dairy cow stands in strong 

contrast, her system being relaxed thru the annual drain of maternity 

and the daily loss of milk, the combination severely taxing her digestive 
and assimilative powers and drawing heavily on her vitality. In winter 

the cow should be comfortably housed in a well-lighted, well-ventilated 
stable, the temperature of which should range from 40° to 50° F. (91) 

To preserve the health of the herd as well as for sanitary reasons it 
is advisable to have not less than 4 square feet of window glass for 
each animal. It is well to clean and disinfect the stable thoroly at least 
once a year, to check any possible spread of disease.** As the dairy cow 

is a sensitive, nervous animal the wise dairyman will provide comfort- 

able stalls or swinging stanchions, and see that the cows are well bedded. 
The benefits from dehorning have already been pointed out. (569) The 

sharp decline in milk production which often occurs in midsummer, 
charged by many to the annoyance of the cows by flies, undoubtedly is 
more often due to a shortage of feed. Beach and Clark of the Connect- 
icut (Storrs) Station,?? and Eckles of the Missouri Station,°® found no 
increase in milk production when the herd was sprayed with a fly re- 
pellant, tho the cows were less restless during milking when they had 

been previously sprayed. 
668. Preparation of feed—The cow giving a large flow of milk is 

working as hard as the horse ever does, and, this true, any grain given 
her should be ground or crushed if not otherwise easy of mastication 
and digestion. Corn and oats should generally, and wheat, rye, barley, 
kafir, and milo always, be ground or ‘‘chopped,’’ and roots should be 
sliced or pulped. Because the cow takes kindly to dry feed and every- 
thing which enters the paunch is quickly soaked and softened, there 

“Lindsey, Mass. Bul. 145. *>Conn. (Storrs) Bul. 32. *° Mo. Bul. 68. 
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seems no occasion for feeding slops, nor is there any advantage from 
cooking ordinary feeding stuffs. (423-31) 

669. Frequency of feeding.—The ample paunch and the considerable 

time needed for rumination teach that the common practice of feeding 
cows twice daily, morning and evening, with possibly a little roughage 

additional at midday, is a reasonable one. Those who give their cows 
first a little of this and then a little of that, busying themselves all day in 
the stable, usually ascribe success to their irksome system of feeding, 

when in truth it is due to good care generally and not to the particular 
system of feeding. Habit is strong with the cow, and a simple system of 

feeding and stable management once established should be rigorously con- 
tinued. (871) 

670. Order of feeding.—In the roomy paunch hay and grain, eaten 

separately, are rapidly and thoroly commingled by the churning action 

of that organ and gradually softened in the warm, abundant liquid it 

contains. This true, the particular order of feeding roughages and con- 
centrates is not important. While the particular time of feeding is not 
of prime importance, it is essential that the cows be fed at regular in- 
tervals. If then satisfied they are content until the time for another 
feed. The cow seems best satisfied when the concentrates are given first, 
and these out of the way, she proceeds to dispose of the roughage be- 
fore her. Some cows give down their milk more freely when eating their 

concentrate allowance, but this is probably due to habit, for others 
which have always been fed their concentrates either before or after 

milking seem equally contented. Hay or other dry forage is usually not 

fed till after milking, because it fills the air with dust. Silage, turnips, 
cabbage, or other feeds with a marked odor should be given only after 
milking. 

671. Regularity and kindness——To skillful feeding and wholesome 
quarters the successful dairyman adds regularity and kindness. On 

this point Babcock of the Wisconsin Station’* writes: ‘‘I would recom- 
mend, therefore, in order to obtain the best results from any cow, that 
first of all she be treated kindly, all sources of excitement being avoided 
so far as possible. She should also be fed and milked at regular inter- 
vals by the same person, and all conditions should be maintained as 
nearly uniform as possible at all times. It is my opinion that kind treat- 
ment and pleasant surroundings will have a greater influence upon the 
quality of milk than the kind of food, provided the ration given contains 
sufficient nutriment for the maintenance of the animal.’’ 

While milking is usually regarded as a simple task which anyone can 

do, there may be a great difference in the returns which different milk- 
ers get from the same cow. <A cow should be milked quietly with the dry 
hand, and stripped out thoroly, the milker bearing in mind that the last- 
drawn milk carries about 10 times as much fat as that drawn first. (552) 
If the teats are chapped or injured, vaseline or other ointment should be 

7'Wis. Rpt. 1889. 
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applied, and the milker should be especially patient, lest the evil habit 
of kicking be developed. 

On the general treatment of the herd Haecker of the Minnesota Sta- 

tion*® offers the following sage advice: 
‘‘We know of many instances where the best of dairy cows were kept, 

and where good methods of feeding were practiced; and still results fell 
far short of what might reasonably be expected, simply because the 
animals did not receive that kindly treatment which is so essential to a 
cow giving much milk for a long period. The herd as a whole should 
always be moved slowly. Never hurry a cow, or strike her or speak 

loudly and harshly. A gentle voice and a caressing touch are quite as 

potent as is digestible protein. If you so handle the cows that they are 

fond of you, you have learned one of the most important lessons that 

lead to profitable dairying. The most successful milk-producers are 
always in close touch with every cow in the herd. The milk-producer 
has to do with motherhood, in which affection always plays an important 

part. A cow’s affection for the calf prompts the desire to give it milk; 
if you gain her affection, she will desire to give you milk. If you have 
not been in the habit of caressing the cows, the time to inaugurate the 
practice is when they approach the time of calving, as it is at that par- 
ticular time when they take kindly to grooming and to gentle rubbing of 

the udder. 
‘‘Hach cow should have a name, which should always be spoken when 

approaching her. This one point counts for much in the successful hand- 

ling of a herd. Suppose the cows are slowly filing into the barn, and you 

see that Rose is about to go into the wrong stall. A quick call of ‘‘ Rose!’ 
will attract her attention, and she will forget that she was about to go 
into her neighbor’s stall to steal a mouthful of her feed. If Rose, when 
in the yard, is about to hook another member of the herd, and just at 
that moment hears her name called, she will forget what she was about 

to do. Again, suppose the herd is slowly wending its way down the lane 

to the pasture, and someone has thoughtlessly left a side gate open, 
leading into a grain field. Rose is in the lead, and, as you see her turning 
toward the open gate, a quick, sharp call of ‘‘Rose!’’ will exert a wonder- 
ful influence in bringing her back into line. It is by such methods that 
a herd can be gradually taught to do the right things, to save you many 

steps, and at the same time bring a larger return.”’ 

Ill. FEED AND CARE BEFORE AND AFTER CALVING 

672. Giving the cow a rest.—Practically all observing dairymen agree 

that it is most profitable to give the dairy cow a rest between lactation 
periods, for experience has shown that she will produce more milk an- 
nually if dry 6 to 8 weeks than if milked continuously. Carroll of the 

Utah Station,2® studying data secured with 496 cows in a cow-testing 

*> Minn. Bul. 140. Utah Bul. 127. 
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association, found that cows dry for 2. months produced more fat and 

returned more profit than those allowed to rest but a single month. 

Hekles'’ recommends that under ordinary conditions the cow be dry 6 

weeks and preferably 2 months if in a thin condition, Dairymen differ 
as lo the best length of lactation period, but so far as the available data 

warrant conelusions, there is no apparent difference in the annual re 

turns from cows again Treshening 9, 10, or 12 months after calving, 

providing they are allowed to be dry for 6 weeks to 2 months."! 

To avoid injury to the udder the eow should be dried off @radually, 

His well to milk only onee daily for a few days, not stripping the udder 

oul Clean; then but onee in 2 days for 3 or 4 days, after which the inter 

val is lenethened to twice a week. When the milk yield) is decreased to 

lO Tbs. per day or less, aceording to Hekles,"* milking may be entirely 

discontinued. The udder will fill for a few days, but the milk will be 

eradually reabsorbed, and no harm will result. If the cow continues to 

produce more than LO lbs. a day her concentrate allowance should be 

withheld and only poor roughage, like timothy hay, fed until the flow 
is cheeked, 

673. Feed for the cow when dry.—'lo ensure a good flow of milk the 

cow should be in good condition at freshening, as has already been 

pointed out. (557) When the animal is inca thrifty condition there is 
also less trouble tn calving. Only sufficient concentrates should be fed to 

put the cow in proper flesh, for if she has been heavily fed with rich eon- 

contrates while giving milk, a helpful change may now be made to a 

ration whieh will rest and cool the digestive tract. Just previous to 

calving time the feed should be shiehtlhy laxative, tho if on pasture no es- 

pecial attention need be given to this point. Mor cows that freshen while 

housed nothing is better than leeume hay and silage, with a eouple of 

pounds of concentrates added, if necessary. The cow soon to ealve should 

have exereise, but should not be chased by dogs or driven thra narrow 

males, 

674. Gestation period; calving time.—The average gestation period of 

the cow is placed by various authorities at from 280 to 285 days. Wing 
of the New York (Cornell) Station® found the average of 182 recorded 

eestation periods for the cow to be 280 days, ranging from 264 to 296 

days. About an equal number of births oeeurred on each day from the 

274th to the 287th, inelusive. The gestation period was not different for 

the sexes, 

Unless the herd is at pasture the cow should be kept in a elean, eom- 
fortable, well bedded box stall at calving time. Tl her bowels are not 

moving frecly give a drench of Mpsom salts. As parturition approaches 

the udder will become distended and hard, and when the museles on each 

"Dairy Cattle and Mille Production, p, 229. 

"Carroll, Utah Bul. 127. 

“Dairy Cattle and Milk Production, p. 230, 

"WN, Y. (Cornell) Bul. 162. 
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side of the tail head relax, leaving a hollow on each side, the calf may be 

expected within 24 hours, or 3 to 4 days at the longest. The cow should 

not be molested during calving unless assistance is required, Wor 2 or 3 
days after calving her drinking water should be lukewarm, and she 
should be protected from cold drafts, for her vitality is low. The feed 

for the first few days should be limited in amount and cooling and laxa- 

tive in nature. Besides legume hay and silage she may be given such 

feeds as bran (often fed as a mash), oats, and linseed meal, High-pro- 

ducing cows should be watched closely for signs of milk-fever, and the 

air treatment, the great boon to dairymen, used if necessary, 

The yearly production of the cow depends in a large measure on the 
feed she receives during the first month after calving. The concentrate 

allowance, small at first, should be increased gradually, at the rate of a 

a half-pound every other day until the full allowance is reached, for 

heavy feeding immediately after calving is apt to lead to digestive dis 
turbances. If the udder is swollen and hard, even more care should be 

used in getting the cow to the full ration, 

It is quite customary to save the seventh milking after the cow calves 

for human use, altho sometimes the milk is not normal before the eighth 
or ninth milking. A simple test for normal milk, advised by Moard’s 

Dairyman,” is to heat a small quantity to boiling; if the sample does 
not thicken, due to the high content of albumin, the milk is usable. (115) 

675. Fall vs. spring freshening.—Spring-fresh cows yield most of their 

milk when low prices prevail for dairy produets and the dairyman is 
busiest with the crops. In winter such cows yield only a small flow at 

most. On the other hand, the fall-fresh cow gives a large supply of mill 
during the winter, and flushes again with the stimulus of pasture in 
springtime. Iall-fresh cows should annually yield from 10 to 15 per et, 

more milk than those calving in the spring. When cows freshen in the 

fall more of the work of milking comes in the winter when farm work is 

slack. More time can be given to the raising of the calves, and less 
trouble will be experienced from scours than during the summer, Fall 
dropped calves are large enough by spring to make good use of pasture 

and better able to stand the hot weather. Under this system a larger 

supply of skim milk is available for the young spring pigs. 

IV. Repucine tun Cost or MILK PRODUCTION 

676. The burden of dairying.—So large are the feed and labor bills on 
many dairy farms, especially in the older settled portions of our country, 

that when these have been met little remains for the proprietor. To 

reduce the cost of milk production to a point where a reasonable profit 

may be made the dairyman must first of all cull out all cows whose pro 

duct will not under any conditions pay for their keep, (544-7) An 

analysis of his expenses will then show that in nearly every case it is the 

* Woard’s Dairyman 42, 1912, p. 465, 
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feed bills and not those for labor that are the real burden. Whoever 
would improve his condition must cut the monthly feed bills to the 
minimum, not thru parsimonious feeding, but by growing great crops of 

the best feeding stuffs. With rare exceptions the dairy farm should 
produce all the roughage and the greater part of the concentrates the 

herd consumes. Growing the needed feeding-stuffs will increase labor 
and fertilizer bills, but such shifting of expenditure should prove highly 
economical in the end. Indian corn or the sorghums flourish over a 
large portion of the United States, furnishing both concentrates and 
roughage, and one or more kinds of legumes, furnishing protein-rich 

roughage, can be successfully grown on every farm. By the judicious 

and generous use of these best allies of the dairyman the great burden of 
the feed bills can be lessened. 

677. Selecting economical rations.—In Chapter XXII the values of the 
different feeding stuffs for the dairy cow have been discussed in detail 
and with the data there given the dairyman can readily determine the 

most economical rations to employ. In computing rations the general 

principles which have been pointed out in Chapter VII should always 

be considered. (158-67) 
To illustrate the widely different value for milk production of rations 

which are balanced so far as amount and proportion of digestible nutri- 

ents are concerned, the following rations, which meet the requirements 

for a 1000-lb. cow giving 25 Ibs. of 4 per ct. milk, are presented: 

Rations that are balanced, but of unequal value for milk production 

_ ce : Dry Digestible Total dig. Nutritive 
matter protein nutrients ratio 

A poor ration Lbs. Lbs. Lbs. 
damothy Wave 20 lbsieeca.. + saree Ge 0.60 9.70 

Dent corn, 2Oulbsseanaee ep see 1.8 0.15 el 
Wheat bran, ./ io lbss tage co 6.7 0.94 4.56 
Linseed meal, 1.5 lbs........... 1.4 0.45 Wiles 

27 .6 2.14 tld, | 1 720 

A fair ration 
Clover hay, 22.0 1bse. saci, sae 19.2 1.67 122 

Dent corm, “:Olbsis. eae 6.3 0.52 5.99". 

25.5 Zao | 17.21 5, et 69 
A good ration | | 

Corn silaze35 0 lbsia sen an daee 9.2 | (0888 622055) 
@lover laa SeOMlbsiee tee es ee 13.1 1.14 7.65. | 

Dent corm ,3.0 lbsicecan tease oe Qe; 0.22 Pay fe | 
Cottonseed meal, choice, 1.0 lb... 0.9 0.37 OL78) | 

25.9 2) ML | di20 livsia(ieal: 

In the first ration, where timothy hay, low in protein and not palatable 

to the cow, supplies the roughage, 11 lbs. of expensive concentrates are 
required to provide the additional nutrients needed. Even then this 
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expensive ration is unsatisfactory, for timothy hay is a poor cow feed at 

best. (623) 
The second ration of clover hay and ground corn is better and less 

expensive than the first. Such a ration is theoretically ample, but there 

should be a larger variety of feeding-stuffs to make it satisfactory. (163) 
The last ration is much superior. Legume hay and corn silage make 

a combination of roughages which is most palatable and acceptable to 
the cow, and there is further required only 4 lbs. of concentrates to 
balance the ration. As has been pointed out (660), when the after- 
effect of the ration on the animal and on the manurial value of the ration 
are considered, it may be advisable to feed at least 6 lbs. of concentrates 
to cows of good dairy temperament, when concentrates are not too high 

in price. The third ration, containing only 4 lbs. of concentrates, is less 
expensive and more desirable than the second one, and far less expensive 
and much more desirable than the first. Altho all are theoretically 

‘‘balanced,’’ the last one is not only the lowest in cost, but if put to the 
test will probably produce from 20 to 30 per ct. more milk than the 

first, and somewhat more than the second. 



CHAPTER XXV 

RAISING DAIRY CATTLE 

I. THe Sxrm-MILK CALF 

The profitableness of dairying depends to a large degree upon the 

careful rearing of the heifer calves from the best cows in the herd and 

sired by a pure-bred bull ef quality. Improvement of the herd can best 
be made by replacing the discards with well-bred, home-reared heifers 

of greater productive capacity. Starting with common cows, one may 

by this means in a few years build up a high-producing herd. On the 
other hand, the dairyman who replenishes his herd by purchase must 
pay high prices for animals which, tho of good appearance, may not be 
well-bred. Careful dairymen are loath to part with their best heifers, 
preferring to keep them to improve their own herds. Another import- 
ant reason for rearing the heifers is that 1t is much easier to keep the 
herd free from such diseases as tuberculosis and contagious abortion 
when the heifers are home-raised, than when they are continually being 

brought in from outside sources. 
Tho the value of the calf at birth depends primarily on its breeding, 

the feed and care it receives while young are fully as important factors 

in deciding its future usefulness in the herd. The general principles of 

calf-rearing, which are presented in this chapter, are well founded upon 

scientifie trials and practical experience, but the raising of calves will 

ever remain an art, in which much depends on the skill and judgment 

of the feeder, who should study the individual requirements of the ani- 
mals, rather than blindly following hard and fast rules. 

678. Raising calves on skim milk.—The fat of milk is so valuable that 
but few dairy calves are now reared on whole milk when skim milk is 
available. Those prejudiced against the rearing of calves on skim milk 

by the sight of unthrifty, undersized skim-milk-fed specimens should 
know that such results are not due to the removal of the fat from the 
milk on which they were fed, but to the ignorance or carelessness of the 

feeder. Careful dairymen have abundantly demonstrated that skim- 
milk calves, properly fed, develop into as good cows as those fed whole 

milk until weaning time. 
679. Skim milk vs. whole milk—In a trial at the Kansas Station" Otis 

fed one lot of calves skim milk and a second whole milk, while a third lot 

ran with their dams at pasture. Those getting skim milk or whole milk 

were given in addition equal parts of corn meal and kafir meal, with 

alfalfa hay for roughage. After weaning, all the calves, which were 

1Kan. Bul. 126. 
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steers, were placed in the feed lot and given the same feeds until 1 year 

of age. The following table shows the rate and cost of the gains of the 
calves in each lot. 

Rate of gain of calves variously fed up to 1 year of age 

: 210 days in feed lot, 
Before weaning after weaning 

How fed 
No. of Length Av. daily | Feed cost of Av. daily |Concentrates per 
calves of time gain 100 lbs. gain gain 100 lbs. gain 

Days Lbs. Dollars Lbs. | Lbs. 

Skammmilkeey. . tee 2... 10 154. i | 2 .26 Tiare hat 439 
Whole milk... .... | 10 154 EO ee Sy oc 
Running with dam . 22 140 1.8 4.41 J) 0) | 475 

The skim-milk calves, tho not gaining so rapidly as the others up to 

weaning, cost less for a given gain than either of the other lots.: In the 

feed lot the skim-milk calves made the most rapid gains and also the most 

economical ones, measured by the feed consumed. Otis reports that the 
22 calves running with their dams lost 73 Ibs. the week following separa- 
tion at weaning time, requiring several weeks to recover this loss. In 
estimating the cost of the several lots before weaning, skim milk was 
valued at 15 cents per 100 lbs., and whole milk at 21.1 cents for each 
pound of fat it contained. Hay was rated at $4 per ton, and concen- 

trates at $10. The cost of a calf running with its dam until weaned was 
placed at $12, and of one raised on skim milk at $5.27. 

Hooper of the Kentucky Station? fed one lot of 6 calves whole milk in 
a 79-day trial, while another was changed in a few days to skim milk. 
Each lot received in addition 0.5 lb. per head daily of a mixture of equal 
parts corn meal, bran, and linseed meal, besides what hay they would 

eat. The skim-milk calves made slightly larger gains than those fed 
whole milk, and were just as thrifty. 

680. Supplements to skim milk.—It has already been pointed out that 
whole milk is the ideal food for young animals, being rich in protein and 
ash. (115) Skim milk differs in composition from whole milk only in 
having had most of the fat removed. Provided no water has been added, 
this will increase the percentage of water, protein, sugar, and ash over 

that in whole milk. Owing to the removal of the fat, skim milk is a 
much more nitrogenous food than whole milk, having a nutritive ratio of 
1:2.1 compared with 1: 4.4 for unskimmed milk. Not appreciating this 
fact, early investigators usually advised supplementing skim milk with 
nitrogenous concentrates, such as linseed meal and wheat bran. It is 
evident, however, that in a skim-milk supplement the need is not for 

additional protein, but for an abundance of energy-giving carbohydrates 
or fat to replace the fat removed from the milk. 

While various fats and oils may be used to supplement skim milk, the 
cereal grains, rich in carbohydrates, are cheaper supplements than the 

*Ky. Bul. 171. 
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oils available for ealf feeding. Moreover, unless oil is fed as an emulsion 
with the milk it is apt to produce indigestion and scours, for young ani- 
mals in general have but limited ability to digest fat. (117) At the 
Massachusetts Station® Lindsey found cod-liver oil added to skim milk 
unsatisfactory, the calves sometimes refusing the combination. A cheap 
gerade of oleomargarine was heated to 110° F.. and mixed with skim milk 

by churning. It was found that 1 ounce of oil per quart of skim milk was 
all that the calf could take without indigestion being produced. Cot- 
tonseed oil and corn oil to the amount of one-half ounce per quart of milk 
were fed without bad effect. A calf fed skim milk containing 1 part oleo 
and 2 parts brown sugar gained over 2 lbs. daily, with kidneys well 
covered with fat. Calves thus fed were superior to those receiving skim 
milk only, but not equal in fatness to sucking calves. 

681. Farm grains as skim-milk supplements.—During 3 trials lasting 60 
to 90 days at the lowa Station* Curtiss fed skim milk fresh from the 

farm separator, having a temperature of 90° F., to Shorthorn and Hol- 

stein calves weighing 180 to 200 Ibs. An average allowance of 15.4 lbs. of 
milk and 2.9 lbs. of hay was given to each, with either linseed meal, 

sieved ground oats, or corn meal with a little flax seed. Eight calves 
were fed each ration with the following results: 

Fresh separator skim milk with various concentrates for calves 

Nes ees D tt Feed cost of ve 
Average concentrate allowance Toe sense! per 100 ibe "gail 2 Nowitive 

gain per lb. 

~~ Lbs. Lbs. Lbs. Cts. 

Lot I, Linseed meal, 1.2 lbs. .. 109 1.47 339 2.8 1s 226 
Lot Ti, Oat meal, oS lbsss.2.. 116 IL BY ool 2a 326 
Lot III, Corn meal, 1.3 lbs. 

Flax seed, 0. 1]b...... 116 1.56 330 2.2 1:4.0 

These trials show no advantage in using a protein-rich concentrate 

such as linseed meal to supplement skim milk. In one of the trials corn 

meal alone produced larger and cheaper gains than linseed meal, oat 

meal, or corn meal and flaxseed. Curtiss concludes: ‘‘In the corn-belt 
states, with their surplus of corn and oats, there is no necessity for the 

purchase of a high-priced nitrogenous product to be used in supple- 
menting the skim-milk ration.’’ 

Cottrell, Otis, and Haney of the Kansas Station® report that kafir meal, 
given dry, is particularly suited to feed with skim milk because its con- 
stipating nature overcomes the scouring tendency of the milk. (237) 

Fain and Jarnagin at the Virginia Station® found barley an excellent 

supplement to skim milk. (226) Bran was helpful in teaching the calves 

to eat grain, but no benefit, either in the rate of gain or the appearance 

of the ealf, was secured from adding it to a ration of shelled corn and 

skim milk. (218) 

* Mass. Rpts. 1893, 1894. ‘Towa Bul. 35. 'Kan. Bul. 93. Va. Bul. 172. 
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At the Kansas Station’ Otis found ground soybeans unsatisfactory as 
a skim milk supplement for calves on account of their laxative nature. 
(256) Duggar of the Alabama Station® reports that rice meal is de- 
cidedly inferior to corn meal as a supplement to skim milk. Because it 
was impossible to get the calves to eat sufficient rice meal, one-third wheat 
bran was added. (234) 

Cottonseed meal is not a safe feed for young calves, as is shown else- 
where. (249) Soule of the Georgia Station® states that after calves are 

6 to 8 months old they may be fed 2 lbs. per head daily with silage and 
such feeds as shredded corn stover and oat straw. The allowance should 
be gradually increased from about 0.5 lb. per head daily. 

682. Grinding grain for calves.—Otis’® found that calves fed whole 
corn were less subject to scours and more thrifty than when given ground 
corn (corn chop). Ground kafir gave better results than whole kafir, 
owing to the hardness of the seeds. 

At the Virginia Station"! Fain and Jarnagin secured a gain of 1.4 
Ibs. daily when feeding calves corn meal with skim milk, and 1.6 lbs., or 
14 per ct. more, when whole corn was used. Kildee of the Lowa Station’” 
prefers whole oats to ground oats for calves. In teaching calves to eat, 
ground grain is usually fed, and whole corn or oats substituted later. 

After the calves are several months old they masticate their feed less 

thoroly, and grinding corn or oats may then be profitable. 

683. Various concentrate mixtures with skim milk.—Woll conducted 2 
trials, both with 2 lots of 8 dairy calves each, at the California Station*® 

to compare the value of a mixture of equal parts ground barley, oats, 
and middlings with a mixture of 1 part linseed meal and 2 parts each of 
ground barley, oats, and middlings, when fed with skim milk and hay: 

Value of linseed meal added to concentrate mixture for calves 
Average ration 

Concen- Skim Age at Wt. at Daily 
Concentrate mixture trates milk Hay* beginning beginning gain 

Lbs. Lbs. Lbs. Days Lbs. Lbs. 

First trial, 70 days 
Without linseed meal... 0.9 12-0 DES 40 126 1.14 
With linseed meal...... 0.9 il 2 De 31 127 2 

Second trial, 84 days 
Without linseed meal.... 2.01 iil 38: bal 115 201 1.84 
With linseed meal...... 1.96 10.8 | 106 200 7A! 

*Not all of the hay offered was consumed. 

In the first trial the lot receiving no linseed meal made slightly the 
larger gains, while in the second trial the results were reversed. There 

was no difference in the appearance or thrift of the 2 lots. Woll con- 
cludes that there was no decided advantage from including linseed meal 
in the ration for skim milk calves so far as the immediate gains are con- 

"Kan. Bul. 126. SW, Lex, ALp(z4: 

SAla. Bul. 128. “Towa Cir. 16. 

*Breeder’s Gaz., 63, 1913, p. 81. Information to the authors. 

Kan. Bul. 126. 
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cerned. The linseed meal, however, aids somewhat in making the mix- 
ture palatable. 

To determine whether any advantage resulted from including a large 
variety of feeds in the concentrate allowance for skim-milk calves, Otis 
at the Kansas Station’* fed one lot of 10 calves equal parts of shelled 
corn and ground kafir, while another was fed a mixture of 10 parts 
shelled corn, 10 parts ground kafir, 6 parts whole oats, 6 parts bran, 2 

parts linseed meal, and 0.5 part dried blood. The corn and kafir mixture 
produced larger gains than that supplying a greater variety of feeds. In 

another trial no advantage resulted from adding either ground flaxseed 

or a proprietary calf feed to ground kafir for skim milk calves. With 
Otis we may therefore conclude: ‘‘ While calves may do well on high- 
priced concentrates, they are unnecessarily expensive and give no better 

results than the cheaper carbonaceous grains, as corn, barley, oats, kafir, 

or sorghum.’’ 
For calves up to 3 or 4 months of age some dairymen advocate feeding 

ground flax seed, either added directly to the milk or made into a jelly 
with boiling water and then mixed with the milk, about a tablespoonful 

of the flax seed being used to each quart. Others report equally good 
results from starting directly on farm. grains. 

From experiments at the Louisiana Station’? Woodward and Lee 
conclude that ‘‘blackstrap,’’ or cane molasses, cannot be used as a supple- 
ment to skim milk for calf feeding in sufficient quantity to be of any 

practical value, as it tends to produce scours. (279) 
In Europe the use of ‘“‘saccharified’’ starch, or starch which has 

largely been converted into sugar thru the action of diastase, has 
attracted considerable attention as a supplement to skim milk. In 

experiments covering 3 years with 70 calves Hansen'® found saccharified 
starch a cheap substitute for milk fat when fed with skim milk. Calves 
reared on skim milk and saccharified starch produced cheaper gains 
than from whole milk, were sleek and thrifty, and developed afterwards 

in a thoroly satisfactory manner. Feeding more than 0.8 lb. of sacchari- 

fied starch per head daily leads to scouring. The use of saccharified 
starch is held to make possible a somewhat earlier change from whole 
to skim milk. On account of the good results secured with the cereal 
grains, which are much cheaper, this product is little known in America. 

684. Dried blood.—Otis of the Kansas Station’? found that sickly 
calves, given at first a teaspoonful and later a tablespoonful of dried 
blood with their allowance of skim milk, rapidly regained their health. 
Blood meal which has been especially prepared for calves is best. In 
all cases it should be carefully incorporated with the milk to prevent 

settling. (271) 
685. Mineral matter.—In many cases calves otherwise well nourished 

suffer from the lack of lime or phosphorus, or both. (119) Even tho 

“Kan. Bul. 126. %TLandw. Jahrb., 37, 1908, Sup. III, p. 235. 

La, Bul. 104. “Kan, Bul. 126. 
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milk is high in both lime and phosphorus, Kellner’® recommends feeding 

half an ounce of common chalk (carbonate of lime) daily to calves on 
milk, in view of their rapid growth in skeleton and consequent need 
of an abundant supply of lime. As hay from the grasses contains a fair 

amount of lime, and legume hay is rich in this mineral constituent, 
ealves will ordinarily receive enough lime when they are eating hay 
regularly. In districts where the feeding stuffs are low in lime or 

phosphorus, or when straw, which is deficient in these mineral nutrients, 

forms the roughage, either lime alone or both lime and phosphorus 
should be added to the ration. Gouin and Andouard of France’® as a 
result of long continued studies recommend feeding ground bone, 

such as is used in commercial fertilizers, to calves. Based on the studies 

with pigs by Hart, McCollum, and Fuller of the Wisconsin Station, it 
is reasonable to recommend that one-half ounce of ground rock phosphate 
(floats) be given daily to calves in place of chalk or ground bone. 

686. Water and salt.—The calf should be amply supphed with pure 
fresh water, something which is often neglected with calves fed milk. 

At the Kansas Station*® Otis observed that skim-milk calves would 
drink water several times a day, sipping a little at a time, sometimes 
soon after their feed of milk. Calves 2 to 3 months old consumed on 
the average 10 lbs. of water each daily. (103) 

As soon as the calf begins to eat grain and hay it should be given 
salt, the same as in the ease of older animals. (101) 

687. Starting the calf on whole milk.—The skim-milk calf is usually 
allowed to get its milk from the dam for 2 or 3 days, tho many dairymen 

never allow it to draw milk from the mother, claiming that if separated 

at once it learns more readily to drink from the pail. In any event 
the calf should always get the first milk, or colostrum, which is designed 

by nature for cleansing the bowels and starting the digestive functions. 
(115) If the cow is a heavy milker the calf should not be allowed to gorge 

on milk lest scours result. After each feeding the cow should be 
stripped clean. When the cow’s udder is caked, leaving the calf with 

her will aid in reducing the inflammation. 
The ealf is best taught to drink milk from the pail by using the fingers. 

If it is allowed to go 12 to 24 hours without feeding, or until it becomes 
genuinely hungry, much less difficulty will be experienced in the first 
lesson. Some dairymen use ealf feeders, claiming that the slowness 
with which calves suck milk from the nipple, compared with drinking 
from the bucket, aids digestion. Hooper found at the Kentucky Sta- 
tion*! that during the first 7 to 10 weeks calves were more thrifty when 
fed thru the nipple. After the 70th day, however, the feeder was no 
more effective than bucket feeding, and by the time the calves were 6 
months old there was little difference in size or vigor between the lots. 

Many of the calf feeding devices on the market are unsatisfactory, and 

sWrnahr. Landw. Nutztiere, 1907, p. 472. °Kan. Bul. 126. 

WHxpt. Sta, Rec., 19, p. 468. 2S yee Sule ligale 
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all are dangerous unless extreme care is exercised in cleansing and steril- 
izing them. 

The young calf has a small stomach and naturally takes milk fre- 

quently and in small quantities. Too large an allowance of milk pro- 
duces indigestion and scours. When milk feeding begins, for the first 
day or two only 5 to 6 pounds should be fed daily, or somewhat more 

for a large lusty calf, the allowance being usually divided between 2 

feedings. Some advocate feeding at least 3 times a day at first, which 
oceasions little extra work if the cow is milked thrice daily. When 
the cow is milked twice a day, the bother of warming the milk at noon 

is held by many not to be repaid. In all cases the milk should be fed 

as fresh as possible and at blood heat, the temperature being determined 
by a thermometer, which all careful feeders use. The allowance of 

milk should be gradually increased, but over-feeding, the common cause 

of poor success in calf rearing, should be avoided at all times. <A safe 

rule is always to keep the calf a little hungry. Calves should be fed 
individually, the allowance for each being measured or weighed and the 

amount fed depending on the size and vigor of the individual. Guernsey 

and Jersey calves do not require over 8 to 10 lbs. daily for the first 3 
to 4 weeks, while 10 to 12 Ibs. is all a calf of the larger breeds should 

have. 

688. Feeding skim milk.—When the calf is 2 to 4 weeks old, the 
exact age depending on its vitality, skim milk may gradually replace 

the whole milk, the change being usually made at the rate of 0.5 to 1 Ib., 
or slightly more, per day, a week or 10 days being required to get the 

ealf on skim milk alone. With cows giving very rich milk, some prefer 
to dilute with skim milk from the start. A few breeders feed some 
whole milk for as long as 2 months. 

After the change to skim milk has been made the allowance may be 
increased very gradually, but should not exceed 18 lbs. daily until the 

ealf is 6 weeks old, and only in rare cases should over 20 Ibs. be fed 
at any time. Skim milk is at its best when, still warm, it goes at once 
from the farm separator to the calf. Milk held for any length of time 

or chilled should always be warmed to blood temperature before feeding. 

In cold weather it is not safe to rely on the skim milk being warm 
enough as it comes from the separator, but the thermometer should be 
used. When the calf is 3 to 4 months old it can usually be accustomed 
to cooler milk provided the temperature is reasonably uniform. The 
calf pails in which the milk is fed should be kept scrupulously clean, 

a good rule being to cleanse them as thoroly as the milk pails. Feeding 

skim milk which is sour, stale, and teeming with undesirable bacteria 

is a frequent cause of scours. Trials by the United States Department 

of Agriculture? indicate that satisfactory results may be secured in 

summer with clean milk when soured quickly by lactie acid bacteria, 

such as are used in starters in butter making. In winter some of the 

=Breeder’s Gazette, 66, 1914, p. 17. 
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calves showed a distaste for the sour milk. Skim-milk feeding should 
usually continue for 8 to 10 months, but when the supply of milk is 
seant a thrifty calf may be weaned after 3 months, provided good substi- 
tutes for milk are fed, as shown later. (697) 

At feeding time hand-reared calves should be confined in stanchions, 
to remain for a time after the milk is drunk until they consume their 
concentrate allowance and overcome the desire to suck each other’s 
ears or udders. When this precaution is neglected the shape of the 
udder may be injured or a heifer may later persist in sucking herself or 

others. 
689. Pasteurizing creamery skim milk.—Patrons of creameries should 

insist that all skim milk be pasteurized before it is returned to the 
farm. This precaution keeps the milk sweet and kills the disease-pro- 
ducing bacteria, thereby lessening trouble from scours and preventing 

the possible introduction of tuberculosis. 
In 2 trials at the Ontario Agricultural College? Dean found that 

calves fed pasteurized skim milk (heated to 160° F.) made somewhat 
better gains than others fed unpasteurized skim milk. At the Kansas 
Station®* Otis found practically no difference in the feeding value of 
pasteurized creamery skim milk and that fed directly from the hand 
separator, except that the pasteurized skim milk caused less trouble 

from scouring. 
690. Feeding concentrates—When 1 to 2 weeks old the calf should 

be taught to eat concentrates. Such feeds as corn meal, sieved ground 

oats, barley meal, kafir meal, wheat bran, red dog flour, and linseed 
meal, alone or in mixture, may be placed in the bottom of the pail after 

the calf has finished drinking its milk. Some add the concentrates to 
the milk, but this is inadvisable as the meal is then less thoroly mixed 
with the saliva. The addition of such concentrates as bran or linseed 
meal to the farm grains may be helpful in teaching the calf to eat. 
The dull calf may be taught to eat the meal by rubbing a little on its 

muzzle when it is thru drinking milk. Having learned the taste of the 
meal, the calf should thereafter be fed its allowance dry from a con- 
venient feed box. Until it becomes accustomed to the new article of diet, 

a supply of meal may be kept before it. After this, however, only as 
much should be fed as will be eaten up, and the feed box should be 
cleaned out regularly. At 6 weeks the calf will usually eat 0.5 lb. of 
concentrates a day; at 2 months, about 1 Ilb.; and at 3 months, 2 lbs. 

Unless it is desired to push the animal ahead rapidly no more than this 
need be fed the skim-milk calf up to 6 months.” 

691. Concentrates for skim-milk calves—The following list by Otis”® 
will aid dairymen in selecting feeds for skim milk calves: 

*Ontario Agr. Col. Rpt. 1899. 

*Kan. Bul. 126. 
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“1. Corn meal gradually changed in 4 to 6 weeks to shelled corn with or 

without bran. 
“2. Whole oats and bran. 

“3. Whole oats and corn chop, the latter gradually replaced by shelled corn 
in 4 to 6 weeks. 

“4. Ground barley with bran or shelled corn. 
“5, Shelled corn and ground kafir or sorghum. 
“6. Whole oats, ground barley, and bran. 

“7, A mixture of 20 lbs. of corn meal, 20 lbs. of oat meal, 20 lbs. of oil meal, 
10 Ibs. of blood meal, and 5 lbs. of bone meal, changed to corn, oats, and bran 
when calves are 3 months old. 

“8. A mixture of 5 lbs. whole oats, 3 lbs. bran, 1 1b. corn meal, and 1 Ib. of 
linseed meal.” 

The Guernsey Breeder’s Journal,?* on gathering the experience of 
over 100 breeders of Guernsey cattle, found that the following were used 
as supplements to skim milk: 

Thirteen fed a mixture of equal parts oats and wheat bran; 11, a mixture of 
5 parts oats, 3 parts bran, 1 part linseed meal, and 1 part corn meal; 8, whole 
oats; 7, ground oats; 7, oats, bran, and linseed meal; 6, corn and oats; 6, the 
concentrate mixture given the dairy herd; 5, corn meal, oats, and bran; 4, 
corn meal, bran, and linseed meal; and others, mixtures of wheat middlings and 
linseed meal, of corn meal and linseed meal, of hominy and bran, and of corn 
and bran. 

The feeder thus has an extended list of successful mixtures from which 
to select the one most economical for his local conditions. 

692. Hay for calves——Calves will begin to eat hay at about the same 

age as they do grain, consuming nearly the same quantity of each at 

first. As the calf grows and its paunch, or first stomach, develops, the 
proportion of roughage to concentrates should be inereased until when 

6 months old it will be consuming about 3 times as much hay as grain. 

The Guernsey Breeder’s Journal** found in replies from over 100 suc- 
cessful breeders in various parts of the country that the great majority 
preferred clover or alfalfa hay for calves. Some report better results 

from bluegrass, native, or mixed hay for the first 2 or 3 months because 

they are less liable to cause scours. Bright, early-cut hay which is fine 

and leafy is best for the calf. If legume hay is fed, it may be necessary 
to restrict the amount lest the calves gorge on this palatable roughage. 
The heifer should be encouraged to eat a goodly amount of hay to 

develop the roomy digestive tract desired in the dairy cow. Uneaten 
portions of the roughage should be removed from the rack or manger 

before the next feeding time, for calves do not like hay which has been 

**blown on.’’ 
6938. Succulent feeds—A small amount of silage from well-matured 

corn, free from mold, may be fed to calves when 6 to 8 weeks old. In 
teaching them to eat this succulence it is well to offer them only the 
leaves at first. Woll?® recommends 2 lbs. of silage daily for calves old 

enough to eat roughage, and 5 to 10 lIbs., along with dry roughage, for 

*7Guernsey Breeder’s Jour., 7, 1915, p. 38. 

°° Guernsey Breeder’s Jour., 7, 1915, p. 38. 

2» Productive Feeding of Farm Animals, p. 222. 
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older ones. (300) When roots are available they are a most satisfactory 
succulent feed. (365) 

Pasture is excellent for calves old enough to make good use of it. 
To avoid scours they should be turned on grass gradually, say for an 
hour the first day and for slowly lengthening periods thereafter. 
Another method is to accustom them to green feed by giving increasing 
allowances of soilage before turning to pasture. It is well to keep 
spring or summer calves in their stalls until they are 2 to 4 months old, 
as there is less trouble from scours, and the young things will not suffer 

as much from the flies and the heat. 
694, Gains of skim-milk calves.—Otis of the Kansas Station®® gives the 

following table showing the weight by months of calves reared on skim 

milk, grain, and pasture from birth until 1 year of age: 

Weight of calves from birth until 1 year old 

No. of | Range in Average No. of Range in Average 
calves Age weight weight calves Age weight weight 

Months Lbs. Lbs. Months Lbs. Lbs. 

De Birth 59-108 77 38 7 288-461 403 
45 1 70-154 ill 28 8 332-507 455 
56 2 88-199 144 21 9 370-575 515 
60 3 111-248 181 20 10 427-645 578 
60 4 | 148-290 229 20 Wit 444-730 626 
54 5 | 183-362 287 19 12 | 476-770 669 
43 6 | 228-425 349 | 

It is shown that calves averaging 77 lbs. each at birth attained an 

average weight of 669 lbs. at the end of 12 months, showing an average 
daily gain of 1.6 lbs. for the entire period. 

Properly fed on skim milk, along with suitable grains and roughage 
in liberal supply, the thrifty calf should gain from 1.5 to 2 lbs. daily 

for the first 4 to 6 months. The aim should be not to fatten the calf 
but to keep it In a vigorous, growing condition, building strong bone 

and muscle. Where skim-milk calves do poorly, the blame usually rests 
with the feeder. The cause of the trouble will ordinarily be found in 

some one or more of the following conditions: Lack of sunlight and 
fresh air; unsanitary stalls or boxes that are not properly cleaned and 

disinfected; feeding too much milk, or at irregular intervals; feeding 

stale or chilled milk; feeding from pails that have not been scalded 

daily; feeding improper concentrates or allowing the excess to ferment 

and stale in the feed box. 

II. Raising CatvEs ON SKIM-MILK SUBSTITUTES 

Increasing numbers of dairymen thruout the country are selling 

whole milk for city consumption, for cheese making, or for the manu- 

facture of condensed and evaporated milk. Because it is too expensive 

Kan. Bul. 126. 
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to rear the calves on whole milk alone, many of these men sell the heifer 
calves from even their best cows for veal and depend upon buying cows 
to replenish their herds. Since this practice prevents any improvement 
in their herds, the successful raising of ealves on skim-milk substitutes 
is a question of prime importance. 

695. Buttermilk and whey.—Where available, fresh buttermilk is per- 
haps the best substitute for skim milk, but the watery slop sometimes 
obtained from creameries, often from filthy tanks, should be avoided, as 

such material is almost sure to cause scours. At the Kansas Station*! 
Otis found that buttermilk gave slightly less returns with calves than 

skim milk but caused less trouble from scours. (267) 

‘The whey usually obtained from the cheese factory, acid and often 

loaded with germs that derange digestion, is unsuited for calf feeding. 
Where is it pasteurized and can be obtained sweet and undiluted, whey 
may give fair results when fed under the strictest rules as to quantity, 
regularity of feeding, and cleanliness of the vessels employed. Graef*” 
secured a daily gain of 2 lbs. with calves fed skim milk, while those 
getting whey gained from 1 to 1.4 Ibs. At the Kansas Station**® Otis 
changed calves from skim milk to whey when 3 to 5 weeks old, feeding 

10 to 14 lbs. of whey daily with alfalfa hay, prairie hay, kafir meal, 
and sieved ground oats. The whey-fed calves were thrifty and healthy, 
tho less fat than those getting skim milk. In feeding whey it should be 
remembered that instead of being a protein-rich food like skim milk, it 

is relatively poor in this nutrient. Instead of the cereal grains, feeds 

high in protein, such as wheat bran and linseed meal, should therefore 

be fed with it. (268) 
696. Minimum amount of milk needed by calf—F raser and Brand con- 

ducted 3 trials with a total of 28 calves at the Illinois Station** to 
determine the minimum total amount of whole milk and skim milk 
necessary to ensure dairy calves getting a good start before placing 

them upon concentrates and hay alone. It was found that after the 
dam’s milk was fit for human use calves could be raised successfully on 
a total of 137 to 167 Ibs. of whole milk and 378 to 491 Ibs. of skim milk, 
with good clover hay, and such concentrates as bran, oats, linseed meal, 

and corn. The calves were fed whole milk for the first 4 days, while 
the milk could not be used otherwise. Starting with the fifth day, 10 
lbs. of whole milk and 2 Ibs. of skim milk was fed daily per calf for 
about 10 days after birth, after which the whole milk was gradually 
replaced with skim milk at the rate of 1 lb. per day. Hach calf was then 
fed 12 lbs. of skim milk per day for 20 days, or until 45 days old, when 
the allowance was reduced 1 lb. each day, no milk being fed after the 

calves were about 56 days old. The calves were rather thin for a time, 
but after being kept on pasture with a limited allowance of grain until 6 
months old all were in good thrifty condition, and later several developed 

into good-producing cows. 

1Kan. Bul. 126. *Milchzeitung, 1880, p. 143. *Kan. Bul. 126. “Til. Bul. 164. 
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697. Substitutes for milk—Several different concentrate mixtures have 
been used with more or less success as substitutes for milk in calf feeding. 

While carbonaceous grains are better supplements to skim milk than are 
concentrates rich in protein, substitutes for milk must supply an abun- 
dance of protein, as does milk itself. At the Pennsylvania Station®® 
Hayward fed calves whole milk for 7 to 10 days and then gradually 
substituted a home-mixed calf meal consisting of 30 parts wheat flour, 
25 parts cocoanut meal, 20 parts skim-milk powder, 10 parts linseed meal, 
and 2 parts dried blood, the mixture costing about 3 cents per pound. 
One pound of the mixed meal was added to 6 lbs. of hot water, and after 
stirring for a few minutes, cooled to blood heat before feeding. With 

careful feeding the calves receiving the calf meal made as good growth 
as others fed skim milk. Hayward points out that calves raised upon 
a mill substitute should have warm, dry quarters as they are apt to be 
less resistant to disease than milk-fed calves. 

Dean of the Ontario Agricultural College*® reports success with cocoa- 

shell milk as a milk substitute. The ‘‘milk’’ was made by boiling 
one-fourth pound of cocoa shells in 2 gallons of water, and 1.5 to 2 
gallons per day was fed with bran, oats, and soilage. 

At the North Carolina Station*’ Michels obtained satisfactory results 
with rolled oats as a substitute for skim milk. Thrifty calves were raised 

when the allowance of whole milk was decreased to 2 lbs. per head 
daily by the fifth week, being gradually replaced by a gruel made by 
adding 12 ounees of rolled oats to 1 gallon of boiling water and allow- 
ing the mixture to stand until cool enough to feed. Hooper at the Ken- 
tucky Station®® found calves reared on rolled-oats gruel less vigorous 

than those fed skim milk. 
At the Kansas Station®® Otis boiled hay, previously soaked in a tank, 

for 1 or 2 hours. It was then removed and the liquid which remained 

was concentrated by boiling, 12.5 lbs. of the hay yielding about 100 Ibs. 
of ‘‘tea.’’? With kafir meal, wheat middlings, and oil-meal jelly for con- 
centrates the calves fed alfalfa hay tea gained but 0.4 lb. daily, poor 

returns. On tea from mixed hay calves gained 0.9 lb. daily, making fair 
growth, but much less than others fed skim milk. Stewart*? successfully 
reared 5 calves on hay tea with one-fourth pound each of flaxseed and 
wheat middlings per head daily. He states that the hay should be cut 
early, when it has the most soluble matter, and the tea boiled until well 

concentrated. 
At the Indiana Station*t Caldwell fed 2 lots, each of 3 calves, for 6 

months from birth to test the value of a home-mixed calf meal consisting 
of equal parts of hominy meal, linseed meal, red dog flour, and blood 
meal, with the following results: 

*Penn. Bul. 60. Kan. Bul. 126. 

*Ontario Dept. Agr., Rpt. 1903, Vol. I. * Feeding Animals, p. 246. 

2ON, C. Bul. £99: “Information to the authors. 
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Home-mixed calf meal vs. skim milk 
Wt. at Av. daily 

Average ration beginning gain 

Lot I Lbs. Lbs. 
Calf meal, 1.25 lbs. 
Whole milk, 1.25 lbs. Alfalfa hay, 2.66 lbs. 
Ground oats and corn, 0.96 lb. Corn silage, 0.19 Ib....... 57 0.99 

Lot II 
Skim milk, 10.85 lbs. 
Whole milk, 0.76 lb. Alfalfa hay, 2.54 Ibs. 
Ground oats and corn, 1.04 lbs. Corn silage, 0.23 Ib....... 53 1.09 

The calves fed the calf meal, tho making slightly smaller gains than 

those receiving skim milk, were equally thrifty and vigorous at the close 
of the trial. 

698. Proprietary calf meals.—There are on the market several calf 
meals, which are more or less complex mixtures of such feeds as linseed 
meal or flaxseed meal, ground cereals, and wheat by-products, with or 
without dried milk, casein, and mild drugs. (285, 289) These meals are 

fairly satisfactory substitutes for skim milk, but give no better returns 

than home-mixed meals that are much less expensive. Dean* of the On- 
tario Agricultural College found ground oats and bran superior to a pro- 
prietary calf meal. Savage and Tailby in 2 trials at the New York 

(Cornell) Station*® with a total of 37 calves compared 3 proprietary 
ealf meals and skim milk powder with skim milk. The calves fed skim 
milk made the best gains, closely followed by those fed the skim-milk 

powder. Those fed the calf meals made fair to good gains, but at a 
greater expense. Tho in most instances less thrifty at the close of the 
trial when 5 months of age, by the time they were 2 to 3 years old they 

had developed into as likely animals as those fed skim milk. 

III. GENERAL PROBLEMS IN REARING CALVES 

699. Birth weights of dairy calves.—The following table shows the 
birth weight of dairy calves and the weight of their dams, as determined 

at the Connecticut (Storrs),‘* Missouri,*® and Wisconsin Stations :*° 

Birth weight of calves of the dairy breeds 
Average of both sexes 

Number = Av. wt. Av. wt. Av. wt. Wt. o Wt. of calf to 
Breed of calves of males of females of calf dam wt. of dam 

Lbs. Lbs. Lbs. Lbs. Per ct. 

JErSe Vineet 119 58 49 55 900 6.11 
Guernsey........ 57 1 68 71 996 7.18 
Ayrshire ent. oo! 34 77 74 76 976 7.79 
Holstein. a: 104 94 85 89 1,153 az 
Brown Swiss..... 5 107 90 100 1,123 8.90 
Dairy Shorthorn. . 8 aa i 76 1,249 6.08 

“Ontario Agr. Col. Rpts. 1900, 1905. 

®N. Y. (Cornell) Buls. 269, 304. 

“Beach, Conn. (Storrs) Rpt. 1907. 

©HWekles, Dairy Cattle and Milk Production, p. 174. 

*Unpublished data compiled by the authors. 
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The table shows that in each breed the bull calves average heavier 

than the heifers. The weights of the Jersey calves at the Wisconsin 
Station ranged from 44 to 80 lbs.; of the Guernseys, from 48 to 87 lbs. ; 

of the Ayrshires, from 62 to 89; and of the Holsteins, from 62 to 108. 
Calves from mature cows are generally somewhat heavier at birth than 
from heifers. 

700. Economy of gains by calves.—Linfield of the Utah Station*’ found 
that up to 14 weeks of age the calf takes less dry matter than the pig 
for 1 lb. of gain, and after that more, because of the greater amount of 

roughage then used in the ration. Beach of the Connecticut (Storrs) 
Station*® found that calves required 1.03; lambs 1.08; and pigs 1.36 
lbs. of dry matter in whole milk for each pound of gain made. Martiny*® 

found that from 3.5 to 6 lbs. of new milk was sufficient to produce a 
pound of gain, live weight, with calves between the first and fifth weeks, 
while older ones required from 16 to 20 lbs. 

At the Pennsylvania Station®® Hunt fed 3 calves whole milk con- 
taining 4.6 per et. of fat for 161 days. They gained 1.77 lbs. each daily, 

requiring 8.8 lbs. of whole milk and 1 lb. each of hay and grain for 

a pound of gain. 
701. Feed required by the calf—The following table shows the total 

amount of feed required by skim-milk calves up to 6 months of age, as 
determined by Beach at the Connecticut (Storrs) Station’? and by 

Kekles at the Missouri Station :°° 

Feed required by skim-milk calves to 6 months of age 
No.of Wt. at Average Whole Skim Concen- 

Station calves beginning daily gain milk milk trates Hay Pasture 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Days 

Connecticut 
Fed whole milk 4 weeks. 8 65 Ls 220 2,908 son. oul) 
Fed whole milk 2 weeks. 9 59 1.25 1 ayOO Wee BB 

Missouri 
Spring calves........... 4 74 1.42 367 ©3041 90 80 690 
Pall eallviese. <i. spsys fais conse 3 51 1.10 SOU aeZrook ny Loo 275 Ae 

From these data the cost of feed for a calf up to 6 months of age 
may be readily computed at market prices. 

702. Fall calves—Where cattle are reared under natural conditions, 

the rule that the young be dropped in the spring will continue, but 
this practice is not necessarily the most successful in the older sections 

of the country. Fall-dropped calves come at a time when the little 
attentions they need can easily be given, and they occupy but little 
space in barn or shed. Subsisting on the mother’s milk, or on skim 
milk with a little grain and hay, when spring comes the youngsters are 

old enough to make good use of the pastures and to stand the hot weather 

and the attacks of flies and mosquitoes. 

“ Utah Bul. 57. 5% Penn. Rpt. 1891. 

Conn. (Storrs) Rpt. 1904, p. 118. “Conn. (Storrs) Rpt. 1903. 

“Die Milch, 2, 1871, pp. 9-15. * Dairy Cattle and Milk Production, p. 180. 
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703. Scours.—The most frequent trouble in raising calves by hand is 
indigestion, or common scours. This is usually caused by over-feeding, 

by the use of cold milk or that laden with disease germs, by dirty pails 
or feed boxes, or by keeping calves in dark, dirty, poorly-ventilated 
stalls. Hach animal should be watched closely for signs of scours, for 

a severe case gives the calf a setback from which it recovers but slowly. 
Since soft, foul-smelling dung is often the first indication of trouble, it 
is well to keep each new-born calf in a pen by itself for 2 to 3 weeks 
where it can be observed more closely than if it ran with others. At 

the first indication of scours the ration should be reduced to less than 
half the usual amount. Such remedies as castor oil, formalin, and a 

mixture of salol and bismuth subnitrate, are used with success by 
dairymen. 

Common scours should be distinguished from contagious, or white, 
scours, also called calf cholera, which is due to an infection of the 

navel soon after birth. This most serious disease, from which an animal 
once affected rarely recovers, may usually be avoided by providing 

that the calf be dropped in a clean stall or on pasture. When the calf 
is born in the barn, it is best to wet the navel thoroly with a disinfectant, 

such as a weak solution of creoline, zenoleum, or bichloride of mercury. 

IV. THe HEIFER 

The rearing of the heifer after 6 to 8 months of age is an easy task, 

and perhaps because of this many are stunted for lack of suitable feed. 
Since the usefulness of the cow when mature is dependent on her 
proper development before the first calf is dropped, it is important to 
heed the few essentials in feeding and caring for the heifer. 

704, Feeding the heifer—Heifers on good pasture usually require no 
additional feed. In winter there is no better ration than legume hay, 

silage, and sufficient grain to keep them thrifty and growing without 

becoming fat. The ration should supply an abundance of protein and 
mineral matter, and hence unless legume hay forms the roughage, the con- 

centrate allowance should be more nitrogenous in character than advised 
for skim-milk calves. From 2 to 3 lbs. of concentrates with 8 to 10 Ibs. 

of legume hay and 12 to 20 lbs. of silage, or 12 to 15 lbs. of legume hay 
alone, if no silage is available, should be provided for the ration during 

the second year. 
Many breeders hold that if the heifer is allowed to become fat she will 

develop a tendency toward using her feed for the formation of body 
fat, which will persist when she is in milk. Eckles states that in trials 
at the Missouri Station®* in which heifers were variously fed before 
calving, heavy feeding while young had no injurious effect on the pro- 

ductive capacity of the animals when mature. Heifers which were kept 

fat from birth until calving lost the surplus body fat within a short 

*%Dairy Cattle and Milk Production, p. 206. 
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time thereafter and showed no more tendency to fatten later on in the 
lactation period than those raised on a less abundant allowance of con- 

centrates. The most marked effect of heavy feeding of concentrates 
was a more rapid growth and quicker maturity. The results show, how- 
ever, that feeding a heavy allowance of concentrates is a much more 
expensive way of raising heifers than giving them a ration consisting 
mostly of good roughage. 

705. Age to breed—The age at which heifers should drop their first 
calves depends on the breed and the size and development of the indi- 
vidual. Jerseys and Guernseys which have been well-fed are usually 
bred to calve at 24 to 30 months of age, while the slower maturing Hol- 

steins, Ayrshires, or Brown Swiss should not calve until 30 to 36 months 

old. Some breeders believe that if the heifer calves at an early age, the 
tendency to milk production will be intensified. Owing to the demands 
of the fetus, the heifer makes but little growth in her own body during 
the last few months before calving, even when liberally fed. Where 

early calving is practiced, breeders therefore usually allow 18 to 20 
months to elapse between the first and second calves in order to give 
the heifer an opportunity to continue her growth. Further, it is believed 
that lengthening the first lactation period tends to make the heifer a 

more persistent milker. As a rule cows that have dropped their first 
calves at an early age are finer in bone and often considerably smaller 
than those which do not calve until more mature. 

706. Feed eaten by heifers; cost of rearing—The following table 
shows the total amount of feed eaten by heifers during the first and 
second years, as determined in trials by Trueman at the Connecticut 

(Storrs) Station®t with 5 head, by Bennett and Cooper of the United 
States Department of Agriculture” with 17 to 20 heifers on a Wisconsin 
farm, and by Shaw and Norton at the Michigan Station®® with 57 calves: 

Feed eaten by hetfers up to 2 yrs. of age 
Connecticut Wisconsin Michigan 

First year 
Wiholenmilislbs/snve. syash eee e tence 445 342 405 
Skinammilleslbstaen esis cade ceteris 2,953 3,165 3,968 
@Woncentratesslbsis- 4.5 ores eo aoe 303 547 1,144 
Elsnyaplsweenc serena sie sccm eee 918 857 1,007 
Silage, roots, or soilage, Ibs......... 1,245 353 1,354 
IBASHUNEs Cay Series germ ested seme 135 123 Pulte 

Second year 
Concentrates; Ibsis.s.5 22... + ce. ASA Mk NUS arent 
Hay or other dry fodder, lbs........ D221, 1,792 
Silanes ek Ae ea pden apts ty Siero 1,693 3,250 
IPaStune AO AVS seins sputter Sece ss hecbe ci 2 165 171 

In the Connecticut trial the heifers were fed a limited allowance of 

concentrates during their second year, while in the Wisconsin test they 
were fed only hay and silage during the winter and grazed on pasture 

without additional feed in the summer. In the Michigan test the calves 

*Conn. (Storrs) Bul. 63. 5U. S. Dept. Agr. Bul. 49. 58Mich Bul. 257. 
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were not turned to pasture during the summer and were fed a heavier 

allowance of grain than is usual thruout the year. 

Trueman estimates the cost of rearing a heifer to 2 years of age in 
Connecticut as follows: Cost of feed, first year, $28.34; cost of feed, 
second year, $27.25; labor for both years, $10.00; bedding for both 
years, $2.00; barn rent, insurance, and taxes, $4.00; total gross cost, 
$71.59; credit for manure, $5.00; net cost for two years $66.59. 

From records for 117 calves Bennett and Cooper found that the cost 
of rearing dairy heifers born in the fall was as follows: 

Cost of rearing dairy heifers in Wisconsin 
Cost to 1 year Cost to 2 years 

Dollars Dollars 

Imitialevalie Ol callie esses eee uence eaneneenarl. 7.04 7.04 
1 EW sY=Yo LAW piven eee Area tee ree I ar OE DONO eae tasers ear 24 .67 40 .83 
TRAD Oa eee Oe ele ne rete 4.45 7.81 
@thericostsSecias bisects ee oe ORR eee a 6.36 Nome 

(GTOSSIGOSt aecues eo iarcle co eierecns ee Le epee A252 69 .41 
(Qigxohi Horm wayne. day esac aeuaaaheuscanas 3.00 8.00 

INIGHICOSU ase ancien o teie ees a eee a eae ee ee 2 39 .52 61.41 

Under ‘‘other costs’’ are included charges for barn equipment and 
utensils, interest, bedding, losses by death and from discarding poor 

individuals, share of general overhead expense in running farm, and 
miscellaneous expenses. Many of these items are not ordinarily taken 
into consideration by the dairyman in estimating how much it costs him 

to raise heifers. Labor, both man and horse, is charged at a uniform 

figure thruout the year. It should be remembered that with fall calves 
most of the labor comes in the winter when farm work is light and labor 

worth much less than in summer. The cost of raising heifers will natur- 

ally vary widely in different districts depending on prices for feed and 
labor, the shelter required, ete. 

V. THE BULL 

Despite the fact that improvement in the productive capacity of the 
dairy herd rests as much with the bull as with the cows, the feed and 
care of the sire at the head of the herd is often neglected. To build up 

a profitable herd a pure-bred bull which has been bred for dairy pro- 

duction should be selected; this done, he should be so fed as to keep 
in the best condition for breeding. 

707. The young bull—The same principles apply to the rearing of the 

bull calf as to the heifer. The bull should be fed from birth to maturity 

so as to make normal growth, for, while the offspring of an animal which 

is thrifty but is undersized on account of insufficient feed will not neces- 

sarily be smaller than those from a larger sire, such an animal will bring 

a lower price when it is desired to sell him to another dairyman. From 

6 months of age, when the bull calves should be separated from the 
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heifers, they should be fed a somewhat heavier allowance of grain. The 
bull should be sufficiently mature for very light service at 10 to 12 

months of age. He should be halter broken as a calf and when about 

1 year old should have a stout ring inserted in his nose. He should 
be so handled from ecalfhood that he will recognize man as his master 
and should never be given an opportunity to learn his great strength. 
Stall and fences should always be so strongly built that there is no possi- 
bility of his learning how to break loose. 

708. Feed and care of the bull.—T he ration for the bull in full service 
should be about the same as for a dairy cow in milk. He should be given 

good legume hay or hay from mixed legumes and grasses and fed from 4 
to 8 lbs. of concentrates, supplying an ample amount of protein. When 

idle or but in partial service less concentrates will be required. Some 
breeders hold that feeding corn silage impairs the bull’s breeding powers 
and therefore prefer roots. Hoard’s Dairyman,*’ holds that a bull may 
be fed 10 to 15 lbs. of silage per day with satisfactory results in a 
properly balanced ration. 

Except in severe climates the best quarters for the bull are an open 
shed with an adjoining paddock where he may exercise. Tho this 
open-air treatment is admirable for the health of the animal, it results 
in a heavier and rougher coat of hair, and hence breeders offering ani- 
mals for sale usually prefer to keep the bulls in comfortable box stalls, 
turning them out only on fair days. Rather than confine the bull in 

isolation, it is well to have his stall so located and built that he can see 

the other members of the herd. The hoofs of the bull spending most 
of his time in the stall need regular trimming. The bull should be tied 
by a strong halter to one end of the manger and by his ring to the other 
end, so that the attendant may approach him from either side without 
danger. The bull should be dehorned and should always be handled 
with a strong, safe staff. Even with a quiet, peaceable bull safety lies 
only in handling him without displaying fear and yet as if he were 
watching for an opportunity to gore his attendant. Nearly all the acci- 
dents occur with ‘‘quiet’’ bulls that have been too much trusted. 

To maintain health and virility, the bull must have ample exercise. 

This is perhaps most conveniently furnished by a tread power, where he 

may run the separator, pump water, do other useful work, or run the 

power for exercise only. Many declare that the purchase of a tread 

power merely to furnish exercise for the bull is a wise investment. 
Others fix a long sweep on a post and tie the bull at the end, allowing 
him to walk around the circle. Another device is a light cable stretched 
between 2 high posts, the bull being attached to it by a sliding chain 
so that he is able to walk back and forth the length of the cable. The 

bull may also be harnessed and hitched to cart or wagon for such odd 
jobs as hauling manure or feed. Whatever the plan adopted, it is 
essential that the bull receive ample and regular exercise, else he is 
almost certain to develop an ugly disposition and may become impotent. 

*Hoard’s Dairyman, 46, 1914, p. 339. 



CHAPTER XXVI 

GENERAL PROBLEMS IN BEEF PRODUCTION 

During recent years the number of beef cattle in the United States 
has decreased, rather than increased, while our population has been 
growing rapidly. Hence we find that the number of beef cattle per 
thousand people has fallen off markedly. In 1900 there were about 660 

eattle, other than mileh cows, per 1,000 inhabitants in this country, but 
in 1910 the number had decreased to 450, and later estimates indicate 

a further failure of beef cattle to keep pace with population. Among 
the reasons for this condition are the breaking up of large areas of the 
western ranges into farms, the high prices ruling for grain and the 
consequent tendency of many farmers to sell their crops for cash rather 

than feed them to stock, the increase in the number of tenant farmers 

who have insufficient capital to stock their farms, the growth in dairying 
due to the demand from the rapidly growing cities for dairy products, 
and the fact that not infrequently the fattened steer has been grown or 
finished at a loss. 

Beef production has naturally become separated to a considerable 

extent into 2 distinct phases. In sections where the land is unsuited for 
tillage, either by reason of its rough nature or deficient rainfall, breed- 
ing herds are maintained and cattle raised to be sold as feeder steers. 
On the other hand, in the corn belt, where land is high in price, the 
majority of the steers which are fattened for market are not raised by 

the men who finish them, but are shipped in from the range districts. 

Altho many steers are still fed by farmers who handle only a few head 

each year, the fattening of cattle has passed to a considerable extent 
into the hands of professional feeders, who fatten from a few carloads 
to hundreds of animals yearly. In many instances these men make but 

little use of the manure produced and purchase most of their feed. On 
such a basis the enterprise is largely speculative. 

Fortunately for the American public, which would be exceedingly 
loath to give up beef as a common article of diet, our experiment stations 
have pointed out the manner in which the cost of beef production may 

be brought down to where it yields a reasonable profit to the farmer 
without the finished product being unduly costly to the consumer. The 

trials reviewed in these chapters show how the breeding herd may be 
maintained cheaply, utilizing the roughage which would otherwise be 
wasted on the farm, and the steer finished for market on a much smaller 
allowance of concentrates than was formerly believed to be necessary. 
The next few years should see beef breeding herds established on 

thousands of farms in the corn belt, where the maximum use will be 

430 
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made of corn silage and only limited pasture be employed, in the eastern 
states, with their low-priced grazing land, and in the South, with its 
tremendous possibilities for beef production, especially where the cattle 
tick has been eradicated. These farmers will look for their profits 
largely in the increased fertility which will come to their fields and in 
the profitable utilization of roughages which would otherwise be wasted. 
As is explained in Chapter X XIX, the general methods followed will be 
adapted to the local conditions in each region. 

I. INFLUENCE oF AGE; LONG AND SHorT FEED 

709. Margin.—Under usual conditions, the cost of the feed consumed 
by fattening cattle or sheep per 100 lbs. of gain is greater than the sell- 
ing price per ewt. of the finished animal. With normal market con- 
ditions, this is oftset by the fact that fattened animals usually sell for 
a higher price per 100 lbs. than feeders, which are animals in thinner 

flesh. This difference between the cost per ewt. of the feeder and the 

selling price per cwt. of the same animal when finished is called the 
margin. In studying all commercial aspects of the fattening of meat- 

producing animals a clear understanding of this term is most essential. 
The principle of the margin may be illustrated thus: If a 1000-Ib. steer 

costs the feeder $7.00 per ewt. when placed in the feed lot, its initial cost 
is $70.00. If during fattening it gains 400 lbs. at a feed cost of $36.00, 
each ewt. of gain costs $9.00. Assuming that the manure produced 
pays for the labor, the steer, now weighing 1,400 lbs., has cost $106.00 

and accordingly must bring $8.14 per ewt. at the feed lot to even the 

transaction. On account of the high cost of the gains, under all usual 

conditions a margin must be secured in fattening cattle or sheep to 
make a profit or ‘‘break even’’ on the transaction. The term necessary 
margin is used to denote the margin needed to prevent loss. In this 
ease it will be $1.14, the difference between $8.14 and $7.00. The actual 
margin is the difference between the actual selling price and the purchase 

price. 
The factors which influence the necessary margin in fattening are: 

1, the initial cost of the cattle; 2, their initial weight; 3, the cost of the 
gains; and 4, the expenses incidental to getting the steers to the feed lot 

and then to the market when finished. 
Other conditions remaining the same, the higher the initial cost, or 

purchase price, of the feeder the narrower, or smaller, is the necessary 
margin. For example, let us assume that a feeder steer weighing 1,000 

Ibs. is fed until he has reached a weight of 1,300 Ibs., the gain costing 10 
cents per pound for feed. If the feeder costs $4.00 per ewt., he will have 
to bring $70.00, or $5.38 per ewt., to break even. The necessary margin 
would then be $5.388—$4.00=$1.38. Had the feeder been bought for 
$7.00 per ewt., no money would be lost if he were sold for $100.00, or 

$7.69 per ewt. In this case the necessary margin would be only $0.69. 
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The heavier the animal when placed on feed the narrower will be 
the necessary margin, for the increased selling price is secured for a 

greater number of pounds of initial weight. This factor may be offset, 

as is shown later, if the heavier cattle are older and hence make more 
expensive gains. 

It is evident that any factor which increases the feed cost of the gains 
makes necessary a wider margin. The necessary margin is thus greater 

when feeds are high in price, and is wider with mature animals than with 
younger ones, which make more economical gains. (709-12) Since 
gains on grass are usually cheaper than in the dry lot, a wider margin 

is required for winter feeding than in fattening animals on pasture. 
(814) The higher the degree of finish, or fatness, to which the animals 

are fed, the more expensive the gains become and the wider the necessary 
margin. (714) 

From statistics gathered from feeders in Missouri, Iowa, and Illinois 
in 1902, Waters! found that an average margin of $1.02 was required 
to cover the entire cost of fattening cattle in summer—that is, they 
must sell for $1.02 per ewt. above the purchase price to break even on 
cost of production. For the 6 months of winter feeding with 2-yr.-olds, 
Waters held that a margin of $1.50 per ewt. was necessary. Skinner 
and Cochel of the Indiana Station? found in 1906 that with Indiana 
cattlemen it cost $4.80 per ewt. for summer gains and $7.20 per ewt. for 
winter gains, and that an average margin of $1.07 per ewt., or 20 cents 
per ewt. per month, was required. Conditions have changed materially 
since these dates. Any one can readily compute the approximate margin 
required under his local conditions from the cost of feeders, the price 
of the available feeding stuffs, and the amount of feed required for 100 
Ibs. gain. 

710. Feed and gains from birth—To determine the amount of feed 
consumed by a steer from birth to maturity and the feed-cost of gains 
in successive periods of its growth, Zavitz® of the Ontario Agricultural 
College confined an animal from 3 days of age until 3 years old in a 
well-bedded box stall, giving exercise, when required, by leading. <Ac- 

count was kept of all water and food supplied, and of the voidings, as 

shown in the table: 

Feed and gains by steer from birth to maturity 

First year Second year | Third year 

Lbs. Lbs. Lbs. 

DD Aly ais es Niek cata wee tyne she ee alee ee asead eae 2.2 C2 1.0 
Motaleoain yew eke ie eae ee hee: 785 456 350 
Feed per 100 lbs. gain 
ING et bess te ee te Pe oak, ty poeeeey eetnut Bet p-0a Seer AOD ll 3 el Sara eer een 
E@oncenttrates: ss s6 fed caystaeis eee res ks oer 159 480 689 
TAY) re syen Reon ods teen teen cease Sic 184 777 776 
Suceulentifeeds: 2205 © uu cute in ae cee ere ete 314 1,928 2,637 

Digestible nutrients per 100 lbs. gain............ 315 875 1,183 
Water drank daily cccn 2 tyes en ane ee 27 43 47 
ixcrement voided dally. 4.34. 254.7. ueee aeee 30 | 48 50 

‘Mo. Bul. 76. 2Ind. Cir. 12. °Ont. Agr. Col. Rpt. 1893. 
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During the first year the steer gained 2.2 lbs. per day, or a total of 
785 lbs., while the daily gain for the second year was only 1.2 lbs. and 
for the third year but 1.0 lb. In the first year there were required on 
the average for 100 lbs. gain 492 lbs. of milk, 159 lbs. of concentrates, 
184 lbs. of hay and 314 lbs. of succulent feed (roots, silage, or green 
fodder), containing a total of only 315 lbs. digestible nutrients. The 
second year nearly 3 times and the third year nearly 4 times as much 

digestible nutrients were required for the same amount of gain. A 
small part of this difference is accounted for by the fact that the flesh 

of the calf is more watery and contains less nutrients per pound than 
that of the older animal. (123) The average amount of water con- 

sumed and of excrement voided is shown in the last lines of the table. 
At the end of the 3 years the steer weighed 1,588 lbs. and would have 

yielded about 1,000 lbs. of dressed carcass. During this time it had 
consumed a total of 3,862 Ibs. of milk (in the first 6 months), 5,857 Ibs. 
of concentrates, 7,716 lbs. of hay, and 20,511 lbs. of succulent feed. 

Accordingly, for each pound of meat as sold by the butcher there was 
required about 3.9 lbs. of milk, 5.9 lbs. of concentrates, 7.7 lbs. of hay 
and 20.5 lbs. of succulent feed. When we realize that there are many 
other items of expense besides the mere cost of the feed consumed by the 
steer, it is evident that the price which the producer gets for the live 
steer is less rather than more than it should be. It is doubtful if any 
other article of universal use and necessity is continuously sold on so 
narrow a margin over cost, if any, as the live fattened steer. 

711. Influence of age on cost of fattening —At the Ottawa Experi- 
mental Farms* in trials during 4 winters with 153 head in all, Grisdale 
compared the rate and cost of gains made by steers of different ages 
during feeding periods of about 6 months. The results are shown in the 
following table, partially as arranged by Waters.* 

Rate and cost of gains for fattening steers of various ages 

i n For equal profit compared with calves 
: Av. cost of 

Av.wt.at | Av. daily |” 100 Ibs. Purchase price Or selling price 
beginning Fie gain per cwt. must be | per cwt. must be 

less by: greater by: 

Lbs. Lbs. Dollars Cents Cents 

Galvesss eek oo .50 8. 5. 397 1.8 4.22 5 = 
MWearlmps te <2 2 Sees 883 1.6 Hil 35 27 
2 -UE-OlUs. <4 5054. | 1,011 1.8 5.62 | 43 33 
Syn -oldss)..h ors. As: | £226 al 7f 6 .36 53 3 

*Three trials. 

It is seen tha! 6-months calves averaging 397 lbs. in weight made 
an average daily gain of 1.8 lbs. during the fattening period of about 6 
months, yearlings to 3-yr.-olds averaging about the same. The feed cost 

for 100 lbs. of gain was $4.22 with the calves, and increased with the 
age of the animals, the gains made by the 3-yr.-olds costing $6.36, or 50 
per ct. more than the calves, for each 100 lbs. 

‘Ottawa Expt. Farms Rpts. 1900-1904. *Mo. Bd. Agr. Rpt. 1907. 
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The greater cost of the gain by the older animals might have been 

offset by buying these steers as feeders at slightly lower prices per 100 

Ibs. than the younger animals, or by a small increase in their selling 

price when fattened, because of their superior condition. Had the 
yearlings been purchased for 35 cents per 100 lbs. less than was paid 
for the calves and sold at the same price per 100 lbs., or if after fattening 
they had been sold for 27 cents more per 100 lbs., the increased cost of 
the gains by the yearlings would have been met. 

712. Fattening calves, yearlings, and 2-yr.-olds——During each of 3 
winters, Skinner and Cochel fed 1 lot of ten 2-yr.-old steers, 1 of 10 

yearlings, and another of 20 calves at the Indiana Station® to determine 
the influence of age on the economy of gains and the profit from feeding 
cattle. The calves were of the best type and breeding possible to obtain, 

as it is not practicable to attempt to produce fine yearling beef from 
inferior calves. The yearlings and 2-yr.-olds compared favorably with 

the calves in capacity and condition at the beginning of each test, though 
not of quite so good type. Hach lot was fed until all would sell as prime 

beeves. The following table, in which the results for 2 winters in which 

the same feeds were used are averaged, shows that the time required to 
make the steers fat was greater with the younger animals because the 

older ones had more nearly reached their limit in growth: 

Fatlening calves, yearlings, and 2-yr.-olds 

Calves Yearlings 2-yr-olds 

INfbteal oyoroyeosnnH (aeae case Ola Reo asic coed on te 20 10 10 
Initial vale Wer CWitsccs a. oat acewre clay) naumiede le tele $4.50 $4.15 $4.12 
Ay anitial weleht, Wis aoc sh sae na tee ce ea 518 888 1,067 
Length of feeding period, months.............. 9 6.5 6 
AST CE ya Cali LOS oie sarisic cele sultan vssters caitit 1.88 2.22 2.6 
ASTanUO Gauls fain val Sine eeanerene eae cueercsen ret ue veneer 508 431 471 
Av. feed consumed per head: 

Shelledicorn; (bsis.4 dmcentvs cucnecte ms etkaceerneie cece 3,026 3,034 Sle 
Cottonseed med; lbssce sss. cu steueeie oeiee 445 480 510 
Gloverhays IDS, winnie ae ievsia ead tela eee 857 714 760 
Wornvsilace: bsvs.54. hen fees Sle tear eees 1,950 2,849 2,700 

Teed per 100 Ibs. gain by steers: 
Shrelledicorn, Wbsitain ss neanc has peeeas mens cae 596 704. 681 
Cottonseed meal, Ibs..c).. ca: .cmamte ms oe alt erat 88 111 108 
Cloverhaylbsi2 3 ssh ae wee uta ttle ono ahe 168 165 160 
Cormsilage: Ibsis snstn ue seep ee Nae 385 660 573 

Beed'cost'per 100 lbsirain* aces cites ie ees $7.74 $9 .09 $9 .37 
Selling value per ewt with prices during trial 

BUATIOM ATV.” oen' sen hieraus ws ave aba diel ooettenes Gina cease Saat $6 .60 $6 .45 $6 .35 
Profit per head with stationary prices*.......... $4 .25 $6 .43 $7 .95 
Pork per bushel of corn fed to steers, lbs* ........ 1.00 1.85 2.50 

*Ay. of 3 trials. 

As is usual, the calves cost more per 100 lbs. live weight than did the 
older feeders. The rate of daily gain increased with the age of the 
steers, yet the older ones required more feed per 100 Ibs. gain than did the 

calves, thus making their gains more expensive. The calves ate less feed 

‘Ind. Bul. 146. 
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per head daily, but required a longer time to finish, and so there was 

little difference in the amount of feed required to make the steers of the 
various ages prime. Skinner and Cochel state that with quality, breed- 
ing, and type the same, calves, yearlings, and 2-yr.-olds will sell at about 

the same price per 100 lbs. if equally fat. From the 3 trials they con- 
elude that the average margin required between buying and selling 

prices to prevent loss was $1.60 per ewt. on calves, $1.71 on yearlings, 
and $1.55 on 2-yr.-olds. The smaller necessary margin with the 2-yr.- 
olds was due to their greater initial weight and the smaller gains neces- 

sary to finish them. These factors are more than offset by the cheaper 
gains made by the calves and their higher cost per 100 Ibs. With the year- 
lings, the differences in the initial weight and in the amount of gain re- 

quired for finishing were not sufficient to overcome the advantage due 
to the cheaper gains and greater cost, of the calves. Hence a larger 

necessary margin was required with the yearlings than with the calves. 
Based on stationary market prices thruout the trial, the profit per 
head increased with the age of the animals fed. Skinner and Cochel 
conclude that the experienced farmer who buys feeders and finishes 
them for the market should handle older cattle in preference to calves, 
while one who both raises and finishes his cattle may find calves more 
profitable. The table shows an added advantage with the older cattle 
in the amount of pork produced by the pigs following the cattle, per 
bushel of corn fed the steers. In similar trials at the South Dakota Sta- 
tion? Wilson found with 2- and 3-yr.-old steers that 1 lb. of pork was 
made for every 5 lbs. of beef produced, while with yearlings only 1 lb. 

was made for every 9 lbs. of beef. 
In a survey of the cattle feeding industry in Indiana, Skinner and 

Cochel® found that of 929 feeders, 76 per et. fed 2-yr.-olds, 16 per ct. 
yearlings, and only 7 per et. calves. The average weight desired in a 

2-yr.-old was 1,000 lbs. Some feeders preferred steers 3 years old or 
over, the reason being that such cattle usually carry more flesh and make 
more rapid gains, thus requiring a shorter feeding period. They also 

need less grain to finish them, utilize coarser food, feed out more uni- 

formly, and withstand severe weather better. 
713. Utilization of feed by range steers.—Under southwestern range 

conditions the calves, dropped in the spring or summer, run with the 
cows until weaned in the fall, normally making good growth during this 
period. About weaning time the ranges dry up, and the calves must 
subsist on scanty pickings with usually a small allowance of concentrates, 
generally cottonseed cake or meal. Hence, before the calves are a year 
old they will have passed thru a semi-starvation or sub-maintenance 
period, and this will occur each year of the steer’s life. To determine 

whether these periods had any permanent effect on the animal’s ability 

to utilize feed, and to study the efficiency of steers of different ages, 

Christensen and Simpson of the New Mexico Station® conducted trials 

*S, D. Bul. 125. Sind. Cire 2. 9N. Mex. Bul. 91. 
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lasting 120 days with range steers,—calves, yearlings, 2-yr.-olds, and 8- 

yr.-olds—all ted alfalfa hay alone, securing the results shown in the table: 

Utilization of alfalfa hay by range steers of different ages 

Av, ration per Av. daily = Dry matter Hay per 100 
1,000 Ibs, live wt, gain digested ibs, gain 

Lbs, Lbs, Per ot. Lbs, 

Cal veces ieee 24.4 L.o7 56.6 T77 
Weanlints ac. oc cs vos stoata nasties ers 23.3 1.338 55.2 tl. 
Baye OLS i a car aor asus leis ake hs 23.5 1.55 ay fal | L146 
SeVDrOldSinc s sit.saiguyih arenes Uns 18 .4 L038 bY dna | 2.03: 

The ealves made the largest gains and the 3-yr.-olds decidedly the 

lowest, but this was undoubtedly due to the faet that they were wilder 

and more nervous. There were no consistent differences in the ability 
of the steers of the various ages to digest the hay, the variations in the 

different periods and between the diferent annals of the same age being 

greater than between the different ages. The calves, however, consumed 

mueh less hay per 100 Ibs. gain, as we would expect, since the flesh of 

calves is more watery, contains less fat, and henee has a lower energy 

value than the increase of more mature animals. (123) 
714. Influence of degree of finish—Other conditions being equal, 

the higher the degree of finish to which the animal is earried the larger 

the quantity of feed required to produce a given gain. Georgeson ot 

the Kansas Station'® found the grain required for 100 Ibs. of gain with 

fattening steers for ditferent periods to be as follows: 

Grain for Inorease of 
100 Ibs, gain feed required 

Up to 46 days the steers required... ..... 780 pounds of gram... 6.6... 
Up to S+4 days the steers required....... SO7 pounds of grain 10 per cent 
Up to 112 days the steers required... 2... 840 pounds of gran 15 per cent 
Up to 140 days the steers required... ... 901 pounds of grain 23 per cent 
Up to 168 days the steers required... ... 927 pounds of gran 27 per cent 
Up to 182 days the steers required ...... 1,000 pounds of grain 387 per cent 

We learn that while at first only 780 Ibs. of grain were required per 
100 Ibs. of gain, for the whole 6-months period 1,000 Ibs., or 387 per et. 
more, Was required. The heavy cost of thoroly fattening the steer and 

the importance of selling at the earhest possible date are here made 
plain. In a trial at the Hlinois Station™ with 96 steers ted for 179 
days, following a limited allowance of grain for 3 weeks, Mumford found 

that less digestible nutrients were required for 100 Ibs. gain during the 
last half than in the tirst half of the fattening period. He points out 
that with these steers the ‘fill’? was eliminated, which often makes the 
gains during the first part of the period appear large and economical. 
As these steers were sutticiently finished to meet the gh demands of 

the Chicago market, of good type and all grading good to prime, he con- 

eludes that it is unnecessary to carry steers to that degree of fatness 

which necessitates small gains for tood consumed. 

“Kan, Bul, 34. “Th. Bul. 90. 
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715. Short vs. long feed.—T wo distinct methods are followed in fatten- 
ing steers in dry lots. In ‘‘short feeding,’’ mature, fleshy feeders are 

usually given a heavy grain feed for 90 to 100 days or less. In ‘‘long 
feeding’’ younger or lighter and thinner cattle are fed for a longer 
period. To determine the relative profitableness of these methods, dur- 
ing each of 4 winters Skinner and Cochel short-fed one lot of steers for 
90 to 120 days at the Indiana Station'* while another lot was long-fed 
for 160 to 180 days, with the results shown in the table; 

Short vs. long feeding periods 

Rotel s(t don Tie 
Short-fed Long-fed 

Av. length of feeding period, days.................++05: “t 110 175 
ROTH OM OMATCOVS yer iaih AnriGrin An wala oie wesley bie 4 50 1() 

AVeWAENG Hh DERINMING, IDK) c eis s dss cutee isepaseetas 1,165 1,000 
ACCMOMINUTIOUUNOAC LOS tas ices Glitters te nists hak Aenea 307 431 
TONS is amu Waicid ea mae wee ok aie elas eae kes 2.81 2.46 
Av. ration: 

PITCEMECOND IDS amit arian terre tie ied ac aie Sir cr een d ehann Ola aks 19.72 16.66 
Wotouseediumeal Ibs dic cas. gediwac dons hear scene baga 2.96 2.78 
DIOVECRU AVON eee Arata teva wad orale aie clare wea, medals § 4.41 4.48 
UIINTIESU SS ALS mien s co rt aia eis hie atakiotrt iat ie ater ae ah eite atl 15.33 14.42 

Feed per 100 Ibs. gain: 
PINOMECHCOMN LOS cacao nd we abs coca dice ape ad ees paaunll | 02 678 
Wotronseedimeal Isa {a caG) aivds- cate sen wolahe beta sag en Ree 106 114 
PAV RTI US est Gud coh hte dire wate! vlc aikebeaste: eiesatb enti eater come 152 183 
BOSOTIBRLA Oe RIAN re eet dose eec ne ies) edu oak Ch otavecs tac cnn hag | 558 584 

HeCRCOSTIOLLOOMMSN PAIN rasan ot secu neue uweipaee $9 03 $9 34. 
Initalicoshiot steers perslOO Ibs... ......000:s ene e ss ve $4.69 $4.36 
MIBCORAANURITIAV OM Gr cretctainir usc kld awe a wile k wien a nctle deus os $1.03 $1.61 
INECOSSEMVANELLIM OND TCO mcrae hit sie ole wighss.artqu a pad Gide apnea ane $5.72 $5 .97 
OUIA SCLIN OR DTECO oh, avacin ccidehseiif am. vrsiaerg ne, keen awl aalon Mis $6.31 $6.64 
TON DEIIStCel  INChIGIN ey DOK. asin ays ea cs asn dae ae a nee Z $16.41 

Lot I, the short-fed steers, which were given the heavier and more 

concentrated ration, made larger gains and at a less feed-cost per 100 

Ibs. gain. Due to the fact that they were in better flesh, the initial cost 

of the steers in Lot J was 33 cents per 100 Ibs. more than those in Lot IT. 
However, on account of their heavier initial weight, the smaller amount 
of gain needed to finish them, and their cheaper gains, they could have 

been sold without loss on a narrower margin than the long-fed steers. 
This brought the necessary selling price of Lot I 25 cents per 100 lbs. 
lower than that of Lot If. The long-fed steers, however, brought enough 

more when sold to more than counter-balance this advantage, and hence 
returned a slightly larger profit, when the pork produced by hogs follow- 

ing was included. 
The kind of cattle to be fed should largely determine the length of 

feeding period, since a longer time is required to finish young or thin 
eattle than those which are fleshier or more mature. Another determin- 

“Ind. Buls. 130, 136, 153. 
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ing factor should be the relative supply and cost of grain and roughage, 
for short-fed cattle, which are usually in higher condition when placed 
on feed, should be given a larger proportion of grain to roughage than 
is needed with long-fed cattle. 

716. Feeding steers chiefly on roughage in early part of fattening 
period.mDuring each of 3 years Skinner and King? fed 1 lot of steers 
clover hay and corn silage during the first 60 to 70 days of the fattening 

period, with 2.5 lbs. of cottonseed meal per 1,000 lbs. live weight in ad- 

dition, in 2 of the trials. The steers were then finished on the same 
feeds with all the shelled corn they would eat. A second lot was fed an 
unlimited allowance of corn from the start, the results being shown in 
the following table: 

Limiting concentrates during early part of fattening period 

Feed per 100 lbs. gain 
Initial | Daily) | —————___ Feed cost Necessary 
weight | gain |Concen-| Hay or | Corn of 100 margin 

trates | straw | silage Ibs. gain 

or T, no corn at first Lbs. Lbs. Lbs. Lbs. Lbs. Dols. Dols. 

Shelled corn, 9.0 Ibs. 
Cottonseed meal, 2.4 lbs. 

Hay or straw, 3.6 lbs. 
Corn silage, 35.2 Ibs.....| 1,013 | 2.15 | 529 170) | 16637 2 8271 0.72 

Lot II, corn thruout trials 
Shelled corn, 14.0 lbs. 
Cottonseed meal, 2.8 lbs. 

Hay or straw, 2.5 lbs. 
‘Corn silage, 27.5 Ibs..... 972 | 2.41 697 103 | 1,148 8 .87 0.87 

Lot I, fed no corn during the first 2 months of the fattening period, 
made smaller gains than Lot II, fed corn thruout the trials, and required 
more roughage but less concentrates per 100 lbs. gain. The relative feed 
cost of the gain under these systems of feeding will depend on the cost 
of concentrates compared with roughage. In these trials the cost aver- 
aged slightly lower for steers in Lot I. Owing to the slightly cheaper 
gains, the necessary margin was somewhat lower with Lot I. The steers 

in this lot, however, sold at a lower price each year on account of in- 

ferior finish, and returned less profit than those in Lot I. 
Feeding roughage alone or with only a small allowance of concen- 

trates during the early part of the feeding period is often advisable when 
it is desired to carry the steers longer than usual before marketing, 
with the hope of a better price. They will then not become excessively 
fat and hence will not make uneconomical gains before they are 

marketed. 
In a trial at the Pennsylvania Station’* Cochel fed a lot of twelve 

880-lb. steers only corn silage and 2.5 lbs. of cottonseed meal daily per 

1,000 Ibs. live weight for the first 56 days of a 126-day trial and ear corn 

in addition thereafter. Another lot was given the same feeds with ear 

Ind. Buls. 158, 163, 167, “Pénn. Bul. 118, 
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corn from the start. The steers fed no corn during the first part of 
the period made as large gains as the others and returned a larger profit, 

tho selling for 20 vents less per 100 lbs. In a later trial at the same 
Station’*® Tomhave and Severson found that it was preferable to begin 
feeding a small amount of corn after the first month of the fattening 
period owing to the better finish thus secured. 

II. Vauur oF BREED IN BEEF MAKING 

Everyone with experience in the cattle business knows that ‘‘blood 
tells’? in beef production. Where there is such unanimity of opinion 
the fact must exist, but the reasons given are not always the same. Let 
us, therefore, consider the trials conducted by the various stations which 
bear on this important point. 

717. Fattening steers of the various market grades.—To determine the 
rapidity and economy of gains made by feeders of the 6 different market 
grades and the dressing percentages and the quality of the beef from 
the steers when fattened, Mumford fed 16 steers of each grade at the 
Illinois Station*® for 179 days. Lot I, fancy selected feeders, contained 
nearly 100 per ct. of the blood of the beef breeds and possessed the 
quality and comformation that characterize the typical beef-bred steer. 
As it was desired that the steers in each lot weigh 900 to 1,000 lbs. when 
placed on feed, the animals in the higher grades were naturally the 
youngest, for well-bred and well-developed steers mature earlier and 
reach a given weight sooner than do scrubs. Thus the steers in Lot I 
were the youngest steers in the trial, being only 2 years old at the time 
of marketing. Lot II, choice feeders, were high-grade beef steers possess- 
ing large frames and averaging about 6 months older than Lot I. Lot 
III, good feeders, did not show the quality so manifest in Lots I and II, 
tho beef blood still predominated and the steers were of better type than 
the average feeders offered on the central markets. Lot IV, medium 
feeders, were 3-yr.-olds of mixed breeding, tho carrying some beef blood, 
and showing coarseness and angularity. Lot V, common feeders, showed 
little evidence of beef blood. They were rather coarse boned and large 

headed, were plain thruout, and all showed a lack of quality and confor- 
mation. They were the result of indiscriminate breeding and the use of 
inferior grade bulls. Lot VI, inferior feeders, were scrubs showing no 

beef blood and were inferior in quality and conformation. 
The feeds were the same for all lots. During the first half of the trial 

the steers were fed cracked ear corn, and later corn-and-cob meal. An 
average allowance of 2.1 lbs. of cottonseed or linseed meal per head daily 
was supplied in addition thruout the trial. The roughage, consisting of 
alfalfa or clover and timothy hay, was cut and mixed with the con- 
centrate allowance. During a part of the trial a small amount of corn 
stover was given to all lots. The steers were fed in paved feed lots with 

Information to the authors. 1T]1. Bul. 90. 
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an adjacent open shed. The results secured in the trial are summarized 
in the following table: 

Fattening steers of the various market grades 

Lot I Lot II Lot III Lot IV Lot V Lot VI 
Fancy Choice Good Medium | Common | Inferior 
feeders | feeders feeders feeders feeders feeders 

Wt. at beginning, Ibs........ 935) 1,115 1,019 1,022 966 965 
Dry matter in ration per 1000 | 

lbs. live wt. 
Concentrates, lbs........ 15-2) ~ 1630 16.0 15.8 15.6 15.2 
Roughage, lbs........... 6.8 7.0 oO fheail Gl 7.0 

Daily gain, lbs... 2...2....... ZOU te 2 eos: 2.34 2.13 2.21 1.96 
Dry matter per 1000 lbs. gain, 

ND Se# seers oes asc eos tele 995} 1,209 1,208 1,805 1,200 1,293 

Dressed carcass, per ct.......| 61.6) 61.5 60.7 59 .7 59.9 59 .4 
Caul and rough fat, per ct.... 9.5 9.7 10.6 10.8 10-1 11.8 
Cost of steers per cwt........ $4.75} $4.55 | $4.20 | $3.85 | $3.60 | $3.35 
Selling price of steers per cwt.*| $7.00} $6.90 | $6.50 | $5.80 | $5.50 | 45.40 

*On the basis of stationary market prices. 

Evidently because considerably younger, the steers in Lot I consumed 
less dry matter daily per 1,000 Ibs. live weight than any of the others, 

except those in Lot VI. Considering Lots II to VI, the better-bred 
steers ate slightly more feed per 1,000 lbs. live weight than those of 

lower grade. The fourth column shows that the feeders of the 3 higher 
grades made noticeably more rapid gains than those of the lower grades. 
Lot I made by far the most economical gains, measured either by the 
dry matter per 100 lbs. gain or by the feed cost of gains, but this was 
probably due, for the most part, to the fact that these steers were younger 

than the others. 
With the other lots there is no consistent difference in dry matter 

required per 100 Ibs. gain or in the feed cost of the gains. The steers 
of the better grades yielded a higher percentage of dressed carcass than 

those of the poorer grades. This was due to their beef conformation and 

not to any greater degree of finish, for the steers in Lots IV, V, and VI, 

which were older, were nearer their maximum degree of finish at the 

end of the trial than the younger steers in Lots I, II, and III. The 

better steers also had less internal fat but carried a heavier layer of 

the more valuable surface fat. Tho the lower-grade feeders cost less 

than the better-bred animals, they were worth correspondingly less when 

fattened. 

718, Amount of feed consumed.—Occasionally the claim is yet ad- 

vanced that well-bred cattle eat less than natives or scrubs. This opinion 

is not substantiated by feeding trials nor is it generally held by owners 

of pure-bred or high-grade stock, who believe rather that the well-bred 

and well-formed animal has a large capacity to consume feed and con- 

vert it economically into meat. 
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719, Rapidity of gains.—T'ests at other stations corroborate the findings 
of the Illinois Station, that steers of the beef breeds and conformation 
make larger gains than do those lacking in these points. During 2 years 
Willson of the Tennessee Station,!’ determining the individual gains of 
feeders of various types, secured the following results: 

Average gains of feeders of various types 
No. of 

Type of feeder steers Daily gain hore gain 
Ss. Ss. 

MemusCOOGhCeMer y yut nae hme ee ce Nl 2, 24 1.76 159 
Coodseederss = Pe Vee enh eT. ee 65 1.60 144 
INIECIUMERCeC eye eee ae tea tee eet oe 70 1.36 122 
ROOTRLCCUL EI as to cee a paaleek oe ate oncaoriatchs estonia: 37 1.39 125 

The table shows that the very good and good feeders made consider- 
ably more rapid gains than those which were classed as medium and 
poor feeders. The trials at the various stations'® show that dairy-bred 

steers, especially those of the larger breeds, do not necessarily make 

smaller gains than beef-bred steers. This is reasonable, for in the de- 
velopment of both the beef and the dairy breeds one of the chief objects 
has been the securing of animals with large capacity for food and vig- 
orous assimilative powers. In these qualities the native, or scrub, steer 
is apt to be lacking. 

It is well known that there is great difference in the capacity of in- 
dividuals of the same breed to make gains when given the same feeds and 
fed under the same conditions. Bliss and Lee found that in a lot of 8 
Hereford-Shorthorn steers fed at the Nebraska Station?® the best steer 
gained 166 lbs. more in 154 days than did the poorest. This emphasizes 
the necessity in scientific trials of selecting uniform animals, feeding 
as many as possible in each lot so as to eliminate differences due to the 
individuality of the animals, and of repeating the experiment before 

drawing hard and fast conclusions. An experienced judge of cattle can 
generally pick out the good gainers from a bunch of feeders, by selecting 

those of beef conformation. Such animals are low-set, deep, broad, and 

compact, with roomy digestive tracts and vigorous constitutions. Smith 
and Lee”? found that the middle girth, or the width and depth in the 
region of the paunch, was a more important factor in determining the 

rate of gain of steers than the heart girth. The size of bone did not 
appear to influence the rate of gain, some of the best gainers being large 
in bone and others small. Cattle feeders well know that temperament 

is of great importance in determining gain in the feed lot; the calm, 
quiet animal which eats and then lies down is almost sure to outgain 
the restless, active one. 

“Tenn. Bul. 104. 

% Mich. Buls. 44, 69; Iowa Bul. 20. 

Nebr. Bul. 151. 

™Nebr. Buls. 132, 151, and information to the authors. 
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720. Early maturity—The most common claim for superiority with 
the beef breeds is that such animals mature earlier than others. Ex- 

perienced feeders know that only the blocky calf of beef conformation 

is suited for early fattening as baby beef. Tho dairy steers grow rapidly 
and make large daily gains, they do not become well-finished at as early 

an age. 
721. Dressed carcass.—The following table shows the daily gain from 

birth and the percentage of dressed carcass yielded by steers of various 

breeds fattened at several stations” : 

Daily gain and dressed weight of steers of different breeds 

Breed No. of | No. of Av. live Daily gain Limits of Dressed 
animals| stations} AV. age weight from birth |dressed weight} weight 

Days Lbs. Lbs. Per ct. Per ct. 

Hereford......... 11 4 983 1,515 1.54 63 .0-68 .0 65.0 

Ried Pollene saan 2 1 1,000 1,520 1.52 63 .8-66 .5 65 .2 

Aberdeen-Angus...| 16 4 976 1,493 1253 63 .2-69 .0 | 64.8 
SWISS 15 5 eee ees 2 1 1,000 1,570 1.57 64.8 64.8 

Shorehorn..: 425.) 220 5 1,011 1,510 1h 35%0) 62 .1-68 .0 64.4 

Galloway......... 6 53 923 1,503 1.62 62 .0-66 .7 63 .9 

ID eyv.Oneneanlase or 7 33 1,021 1,376 1h eis) 62 .5-65 .8 63 .6 

sAvyrshineiee «es tere 1 1 1,095 1,320 le DO fie cea ae ae 63.3 

MUSSCXe een eres are 1 1 1,021 1,625 OM Namaste: 63 .0 
IELoIsteliten sas re 6 33 937 1,469 il Gy 60 .6-64 .4 62 .6 

JELSCVERE ee eee 3 2 1,058 1,440 1.36 58 .7-63 .9 60.5 

ING Wahiag eo ae oe 9 3} 1,038 1,259 1.26 57 .9-61.5 60 .2 

The data referring to daily gain from birth bears out the statement 
previously made that dairy steers do not necessarily make smaller gains 

than those of the beef breeds. While the gains of the 3 Jerseys and the 
single Ayrshire were smaller than of any of the beef breeds, the Hol- 
steins compared favorably with the beef-bred steers. Too few animals 

of most of the breeds are included to make breed comparisons concern- 
ing the yield of dressed carcass. It is evident, however, that the native 
and dairy steers are inferior to the beef steers, a finding which agrees 

with the results of the Illinois trial, already discussed. 
More important than breed in determining the yield of dressed carcass 

is the condition, or degree of fatness, of the animal. Mumford points 

out from the results of the Illinois trial that it is possible to secure 
reasonably high percentages of dressed beef even from steers of inferior 

breeding if they are well-finished. He notes the fact that there is more 
difference in the appearance on foot in the feed lot and gains during 
fattening between the well-bred steer and the mongrel than there is in 
the carcasses when the animals have been fed to a high finish. 

722, Internal fat.—Trials at the stations show that native and dairy 
steers have a larger quantity of fat about the internal organs than do 

2Towa Buls. 20, 28; Kan. Bul. 51; Mich. Buls. 44, 69; Mo. Bul. 23; Ont. Agr. 
Col. Rpt. 1892. 
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beef animals. Commenting on the character of the carcasses of steers 
of various breeds slaughtered at the Michigan Station,?* Davenport wrote: 
‘““Note the excess of rough tallow in Walton (a Holstein steer) as com- 

pared with the others. Walton was ‘all cow’ as the saying goes, and 
the fat about his kidneys was astonishing.”’ 

There is evidently a specific difference between the beef and dairy 

breeds in the distribution of fat within the body. It appears that the 
beef representatives place more of the fat between the fibers of the 
muscles. On the other hand, steers of the dairy breeds deposit propor- 
tionately more fat about the intestines and kidneys. Fat intimately 
mingled with the muscular fibers of the lean tissues renders such meat 
tender, juicy, and toothsome. Placed in separate masses anywhere about 
the body, and especially within the body cavity, it has but low value. 

Such storage is doubtless best for animals whose function is milk pro- 
duction, but it is certainly against their highest usefulness for beef. 
In this second characteristic, which sets beef animals somewhat apart 
from dairy animals, we have a remarkable example of specialization for 
a definite end, and this lesson is important and far-reaching. 

723, Proportion of valuable parts.—Tho somewhat conflicting, the data 
from the various stations indicate that the well-finished steer of beef 
conformation yields a somewhat higher percentage of loins and ribs, the 
most valuable cuts, and less of the cheap parts than do mongrel or dairy 
steers. This difference is less, however, than many believe. The small 
difference usually found is due to the fact that the beef steer has a 
broader back and fuller hind quarters than the native or dairy steer. 

724, Quality—Beyond that which can be expressed in figures or stated 
percentagely lies that indefinable something described by the word 
‘“quality’’ which enters into all objects of barter. No one can compare 
a bunch of well-fed beef-bred steers with one representing the dairy 
breeds or natives without being impressed by a difference not measured 

by the scales. Speaking of the breed tests at the Iowa Station, Wilson?* 
writes: ‘“The carcasses of the dairy breeds lacked in thickness of cuts, 
and the marbling of the fat and lean was not equal to that of the others 
(beef breeds).’’ Georgeson wrote after conducting a trial at the Kansas 
Station :** ‘‘The Shorthorns gave the best returns, not simply because 
the gross weight of their carcasses was greater than that of the scrubs, 
but also because their meat was esteemed better by experts in the 
packing-house who were asked to judge of the quality and assign 
prices.’’ Of a native steer fed in comparison with others of the beef 
breeds Shaw*> wrote: ‘‘There was a lack of thickness of carcass thruout, 
the deficiency in the rib and loin being very noticeable, and the absence 
of what may be termed fleshiness was conspicuous.’’ 

The thick-fleshed cuts from well-finished beef steers command a much 
higher price on the large markets than do the thin-fleshed cuts, thereby 
giving to the carcass that furnishes them a marked advantage in the 

2Mich. Bul. 24. “Iowa Bul. 20. “Kan. Bul. 51. *Ont. Agr. Col. Rpt. 1892. 
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market. In the lowa trial the carcasses of the beef steers were valued 
by experts at $1.66 per 100 lbs. higher than those of the dairy steers. 
In the Kansas trial the loins of the best Shorthorns were rated at 18 
cents per pound and of the natives as low as 14 cents. 

The matter at issue may be illustrated by a condition in the fruit 

world: No orchardist will hold that the Baldwin apple tree necessarily 
grows faster than the seedling apple tree, or that it will make wood and 
fruit on less material from soil and air. Neither will he hold that 
Baldwin trees necessarily yield more barrels of fruit than seedlings, nor 

that a given measure of Baldwin apples contains more juice or human 
food than the same measure of common seedling apples. Fruit growers 

do rightfully assert, however, that the market wants Baldwin apples and 

will pay more for them than for common seedling fruit, due to the fact 
that their quality is generally far superior, and that from this judgment 

of the market there is no appeal. Beef cattle have been bred for meat 
production—it would be passing strange if they did not excel for that 
purpose. 

725. The most profitable type of steer—For the beef producer who 
raises the animals he fattens it is evident that well-bred specimens of 
the beef breeds are the most profitable. The question is more compli- 
cated for one who purchases feeders on the market. He must consider 

the price at which he ean secure the various grades and the probable 
price at which they ean be sold when fattened. As Mumford con- 
eludes :°° Opportunities for larger profits, and losses as well, lie with 

the better grades of feeders, for as a rule the price of common, rough, 
fat steers fluctuates less than the price for prime steers, and the price of 

inferior and common feeders varies less than those of the choice and 
fancy grades. The greater the difference in the price of the various 

erades of feeders, the more is the advantage in favor of the commoner 

grades. On the other hand, the greater the difference between the prices 

for the various grades of fat steers, the more is the advantage in favor of 

the better feeders. When prices rule low for beef cattle and the market 
is dull or downward, the range of prices between prime steers and com- 

mon rough steers is narrow, and as a result, condition or fatness is more 

important than beef blood. On account of the greater speculation in- 

volved in feeding prime or choice feeders, Mumford advises the beginner 
to first handle a few carloads of the commoner kinds, which must be 

purchased at correspondingly lower prices, since the margin for profit 
in feeding low-grade cattle is usually slight. 

726. Gains of steers of various breeds.—The most extensive data avail- 
able concerning the gains made by steers of various breeds are furnished 
by the records of the Smithfield England Fat-Stock Show.?* The follow- 
ing table, compiled by the authors from the London Live Stock Journal, 
summarizes the data for 20 years, 1895 to 1914: 

411} sBul.90: 

“London Live Stock Jour. 1895-1914. 
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Age, weight and daily gain from birth of steers slaughtered at the 
Smithfield, England, Fat-Stock Show, 1895-1914 

No. 
Breed poe _| Age Weight daily Age | Weight daity 

mals ee gain 

Days Lbs. Lbs. Days Lbs. Lbs. 

Aberdeen-Angus Kerry 
lyearold....| 93) 672] 1,416)2.11 1 year old.... 1| 644 658 | 1.02 
2 yearsold...}| 86} 1,025] 1,848 /1.83 2 years old... 4) 954 | 1,184 |1.18 
3 years old... 2} 1,269] 2,130/1.70}} Red Poll 

Devon 1 year old....| 52] 659 | 1,254 | 1.90 
1 year old....| 91] 664 | 1,216 | 1.82 2 yearsold...| 54] 999 | 1,637 | 1.64 
2 years old. ..| 12: 993 | 1,609 | 1.63 3 years old...| 3] 1,247 | 1,736 | 1.38 
3 years old... 4| 1,218 | 1,753 | 1.45 || Shorthorn 

Dexter 1 year old....| 85} 674 | 1,446 | 2.14 
1 year old....| 47} 630] 800)1.27 2 years old:..| 91} 1,012 | 1,901 | 1.88 
2 yearsold...| 51] 975 | 1,039 | 1.06 3 yearsold...| 4] 1,853 | 2,363 | 1.74 

Galloway Sussex 
1 year old....| 72] 662 | 1,229 | 1.86 1 year old....} 98] 678 | 1,463 | 2.17 
2 years old...}| 73} 1,018 | 1,655 | 1.63 2 years old...| 106 | 1,015 | 1,831 | 1.80 
3 years old...) 2/| 1,236 | 1,794 | 1.44 3 years old...| 5] 1,816 | 2,019 | 1.53 

Hereford Welsh 
1 yearold....| 77| 670 | 1,426 | 2.13 1 year old....| 76] 698 | 1,463 | 2.09 
2 years old...| 84] 999 | 1,844 | 1.85 2 years old...| 90} 1,039 | 1,831 | 1.76 
3 yearsold...| 2) 1,316 | 2,066 | 1.57 3d yearsiolde ss) 7) U230) 1919) i 55 

Highland Cross-bred 
lyearold....| 2{ 730 | 1,448 | 1.98 1 year old....| 96] 682 | 1,469 | 2.15 
2yearsold...| 71} 996 | 1,498 | 1.51 2 years old...| 100 | 1,006 | 1,897 | 1.89 
3 years old...| 75 | 1,384 | 1,806 | 1.35 3 yearsold...} 4) 1,293 | 2,076 | 1.60 
4 years old...| 12] 1,704 | 1,923 | 1.13 | 

In the ‘‘average daily gain’’ here given is included in all instances 
the birth weight of the steer. The table well shows that the daily gain 
of the highly-fed steer decreases as the animal becomes more mature. 

The records of the slaughter tests at the Show from 1889 to 1895 show 
that with steers equally well finished, the more mature the animal, the 
higher is the percentage of dressed carcass yielded. The average dressing 

percentage of the 3-yr.-olds was 68.2 per ct. and of the yearlings 65.6 

per ct. 

“ TII. MiscetuANEous PropLeMs In BEEF PRODUCTION 

727. Shelter—A survey of the trials conducted at the Utah, Texas, 

Kansas, Missouri, Iowa, Minnesota, Ohio, Pennsylvania and Alabama 

Stations?’ in which steers have been fattened in open sheds with adjacent 
yards in comparison with others housed in barns shows that the fatten- 
ing steer, consuming an abundant ration, a considerable portion of which 
is roughage, has no need for warm quarters. Similar conclusions are 
reached by Ingle? from English trials. Sufficient heat is produced in the 
body of the steer thru the mastication, digestion, and assimilation of the 

Partially reviewed by Armsby, U. S. Dept. Agr., Bur. Anim. Indus., Bul. 108; 
see also Penn. Rpt. 1906 and Buls. 88, 102; Ala. Bul. 163. 

2Trans. Highl. and Agr. Soc. Scotland, 1909. 
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food to maintain the body temperature under ordinary conditions with- 
out diminishing the amount of net nutrients available for fattening. (91) 
A reasonable degree of cold is a benefit rather than a detriment, provid- 
ing the coats of the animals are kept dry. The loss of heat in the evapor- 
ation of the water from a wet skin, coupled with that by radiation, may 
be so great that a portion of the food nutrients is burned up merely to 
keep the animal warm. 

During 7 winters Mairs and Cochel*® fed one lot of 975-Ib. steers in 
a yard with an open shed for shelter at the Pennsylvania Station, while 
another lot was confined in a well-ventilated barn. The average gains of 
the confined steers were no larger than of those sheltered only by the 

open shed, and practically the same amount of feed was required per 
100 lbs. gain by both lots. During the last 5 years when the yard was 
kept dry by means of cinders, the steers fed therein made larger gains 
on the average than those in the barn. 

Waters fattened one lot of dehorned steers during each of 4 winters 

at the Missouri Station*! in an open shed located in a small yard, while a 

second lot was housed in a comfortable barn, but turned out daily for 
water and allowed to remain in the yard for 7 hours, except in stormy 
weather. The steers fed in the open shed made average daily gains of 
1.9 lbs., which was 0.2 lb. more than those fed in the barn. They required 
10.3 Ibs. digestible matter per pound of gain, or 1 lb. less than the steers 
housed in the warmer and more expensive quarters. During 3 winters 
Waters also fed similar lots of steers in an open yard without any shelter 
and with only a pile of corn stalks on which to lie. These steers made 
slightly larger gains than those fed in the open shed or in the barn, and 
required no more digestible nutrients per pound of gain. 

Feeding in open yards with no shelter other than windbreaks is 
common in western sections with little rainfall, even in regions with rig- 

orous winters. In experiments at the Manitoba Experimental Farm* 
steers fattened with no shelter except trees and brush made nearly as 
large gains as others fed in the barn, providing a convenient supply of 
water was furnished. For humid regions with severe winters an open 
shed should be provided where the animals may find shelter from storms. 
Where the winters are mild the saving thru providing shelter may not be 
great enough to warrant the expense. Gray and Ward** found in Ala- 
bama that steers fattened in the open in winter made practically as large 
gains as those allowed access to an open shed. Shelter saved only 6 
cents per 100 lbs. of gain in the cost of feed. 
From his trials Waters coneludes: ‘‘It is of more importance that 

fattening animals lie down regularly and during a large portion of the 

time than that they be protected from the cold. Abundaice of sunshine 

*°Penn. Buls. 64, 68, 74, 83, 88, 102; Rpt. 1906. 

3 VMo. Bul. 76. 

“Ottawa Expt. Farms Rpts. 1910, 1911, 1912. 

8U. S. Dept. Agr., Bur. Anim. Indus., Bul. 159. 
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and fresh air, a comfortable place in which to lie, and freedom from all 
external disturbances are ideal conditions for large and economical 
gains.”’ 

Stock cattle being carried over winter are not crowded with heavy 
rations and hence no great excess of heat is generated in their bodies. 
The loss of heat by radiation is greater in young animals, for the body 

surface is larger in proportion to the weight. Yearlings, especially, may 
hence well be given greater protection than fattening steers, but their 
quarters should always be well-ventilated. Waters found that yearlings 
wintered on hay alone or with a small allowance of corn in addition 
eame thru in better condition when housed in an amply ventilated barn 
and turned out for exercise than when kept in a yard with an open shed. 
Under usual conditions mature breeding beef cows when in thrifty con- 
dition in the fall need no winter shelter other than an open shed. 

728. Loose vs. tied steers—At the Ontario Station®*! Day found that 
box-fed steers made larger and cheaper gains, had better appetites, and 

did not get off feed as easily as tied steers. Trials at the Ottawa Sta- 
tion*® by Grisdale were also decidedly in favor of loose box feeding. Not 
only is there less expense for equipment when this method of feeding is 
followed but less labor is needed. 

729. Self-feeder.—By the use of a large receptacle called a self-feeder, 
eattle may be supplied with concentrates twice a week. At the Illinois 

Station*® Mumford and Allison fed 2 lots, each of 17 fleshy 3-yr.-old 
steers, the following rations for 89 days. Lot I was fed whole clover 
hay and a concentrate mixture of 7 parts ground corn and 1 part linseed 
meal separately at regular feeding periods twice daily, while Lot II was 
supplied chaffed (cut) hay mixed with the concentrates, the whole being 
fed in a self-feeder to which the cattle had access at all times. 

Value of self-feeder for fattening steers 
Daily Feed for 100 Ibs. gain 

Average ration gain Concentrates Clover hay 

Lbs. Lbs. Lbs. 

Lot. I, hand-fed 
Concentrates, 22.0 ibs. Long hay, 13.5lbs.... 3.0 737 451 

Lot II, self-fed 
Concentrates, 24.6 lbs. Chaffed hay,12.8lbs.. 3.3 743 385 

The self-fed steers consumed a heavier concentrate allowance and were 
brought to full feed in a shorter time without any set back from over- 
eating. Tho consuming more feed than Lot I, this was more than offset 
by their larger gains. Even after adding the cost of chaffing the hay, the 
self-fed steers made the cheaper gains. Both systems required about the 
same amount of labor, but by the use of the self-feeder the necessity for 
a skilled feeder was reduced. Mumford reports that steers visit the self- 
feeder with remarkable regularity, and once accustomed thereto do not 

*Ontario Agr. Col., Rpt. 1907. TI]. Bul. 142. 

“Ottawa Expt. Farms, Rpt. 1904. 
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over eat. He holds that the system is often unjustly condemned because 

careless cattle feeders do not use it properly. Skinner and Cochel*’ 

found self-feeders more generally used in summer than in winter. The 
erain in the self-feeder should be protected from rain and snow and care 
is necessary to avoid clogging, as an abundance of feed must be available 
at all times. 

730. The paved feed lot.—In parts of the corn belt the feed lot in 
winter often becomes a sea of mud and mire. Mumford of the [lhnois 

Station®® fed one carload of steers during winter in a brick-paved lot 
and another in an ordinary mud lot, both lots having access to an open 
shed, the bedding in which was kept dry. Due to this fact the paved-lot 
steers made no cheaper gains than the others. However, because of their 

dirty appearance, tho not inferior finish, the mud-lot steers sold for 10 

cents less per 100 Ibs. Pigs following the paved-lot steers gained 1 |b. 
more from each bushel of corn fed to the steers than did those following 

the mud-lot steers. 
731. Heifers vs. steers—At the Iowa Station®® Wilson and Curtiss con- 

ducted 2 experiments with steers and spayed and open heifers. The 

cattle topped their respective classes in the Chicago market, the heifers 
of the first trial selling for $4.75 and the steers for $5.75 per ewt. on the 
same market. In the second trial the heifers brought $4.25 and the steers 
$4.50 per ewt. All lots yielded practically the same amount of dressed 

earcass, but the heifers yielded about 1 per et. more in the high-priced 
cuts of meat. But little, if any, benefit was derived from spaying heifers. 

sIndsCirai2: % Beef Production, p. 155. Towa bulos: 



CHAPTER XXVII 

FEEDS FOR FATTENING CATTLE 

I. CARBONACEOUS CONCENTRATES 

732. Indian corn.—Of all the concentrates Indian corn is and must 
continue to be the great fattening feed for cattle in America. While we 
cannot vie with England in the luxuriance of her pastures, the ad- 
vantages given the American farmer by the corn crop cannot be surpassed 

and place us in the very forefront in beef production. No other concen- 
trate is so toothsome and palatable to cattle as the corn grain. Not only 

is corn loaded with starch but it carries much oil and has but little fiber 
or other inert matter, the whole forming the best concentrate for quickly 

filling the tissues of the steer’s body with fat, and thereby rendering the 
lean meat tender, juicy and toothsome. (201-6) 
Numerous trials at our experiment stations have clearly shown that 

corn is too low in protein, even for fattening animals, and should there- 
fore be fed with legume hay, or, when carbonaceous roughages only are 
used, some nitrogenous concentrate should be added to balance the ration. 
The superior results from properly balanced rations are shown in the 
following table, in the first division of which are summarized the results 
of 8 trials, averaging 144 days in length, in each of which corn was fed 
with carbonaceous roughage, such as timothy hay, prairie hay, corn 

stover, or kafir stover, to one lot of 2- or 3-yr.-old steers, and with clover or 
alfalfa hay to others. In the second division the results are given for 4 
trials, averaging 132 days, in which the effect of adding a nitrogenous 
supplement, either linseed meal, cottonseed meal, or gluten feed, to a 
ration of corn and carbonaceous roughage was studied : 

Corn requires supplement for fattening 2-yr.-old steers 
Initial Daily Feed for 100 Ibs. gain 

Average ration weight gain Concentrates Roughage 

Lequme hay as supplement to corn* Lbs. Lbs. Lbs. Lbs. 
Unbalanced ration, 90 steers 

Corn, 15.2 lbs 
Carbonaceous roughage, 13.0 lbs......... 889 1. 

Balanced ration, 71 steers : 
Corn, 15.4 lbs. 

MMETTMIE MYA ota IDSeeyse Sts ae. veh eats 952eenS 689 575 
Nitrogenous concentrate as supplement to cornt 

Unbalanced ration, 44 steers 
Corn, 16.3 lbs 

Carbonaceous roughage, 8.3 Ibs...........- 995 1.6 1,082 522 
Balanced ration, 54 steers 

Corn, 16.7 lbs. 
Nitrogenous supplement, 2.1 Ibs. 

Carbonaceous roughage, 8.6 lbs. = 00222 862 402 

*Average of 1 trial by Haney (Kan. Bul. 132), 2 by Burtis (Okla. “Rpts. 1900, 1901), 1 by, Mumford 
(Til. Bul. 83), 2 by Skinner and Cochel (Ind. Buls. 115, 129), and 2 by Smith (Nebr. Buls. 90, 9 3). 

yAverage of 1 trial by Mumford (Ill. Bul. 83), 1 by ‘Skinner and Cochel (Ind. Bul. 115), and 2 by Smith 
(Nebr. Buls. 90, 93). 

“I 930 832 
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While the steers fed corn and legume hay gained 2.3 lbs. per head 
daily, the daily gain of those fed corn and carbonaceous roughage was 

only 1.7 lbs., and these steers, receiving the unbalanced ration, required 

35 per ct. more corn and 44 per et. more roughage per 100 Ibs. gain. 

Where the ration of corn and carbonaceous hay was supplemented by 2.1 

lbs. of a nitrogenous concentrate, the steers made 37 per ct. larger gains 

and required much less feed per 100 lbs. of gain. When the corn allow- 
ance is properly balanced, not only is the feeding value of this grain 
greatly increased with both the eattle and the pigs which follow the 

steers, but it keeps the animals more healthy, shortens the feeding period 

and gives a higher finish than can be secured with unbalanced rations. 
When other carbonaceous concentrates, such as barley, wheat, kafir, 

milo, hominy feed, or dried beet pulp, are fed it is just as important 
that protein-rich feed be included in the ration as when the chief con- 

centrate is corn. 
738. Adding a nitrogenous concentrate to corn and clover hay.—T'o 

determine whether it was profitable to add a nitrogenous concentrate to 
a ration of corn and elover hay for fattening 2-yr.-old steers, Skinner 

and Cochel conducted 2 trials at the Indiana Station,t and Mumford 1 
trial at the Illinois Station? for periods averaging 172 days, with the 

results summarized in the following table: 

Adding a nitrogenous concentrate to corn and clover hay for steers 

Initial Av. daily Feed for 100 lbs. gain 
Average ration weight gain Concentrates Hay 

Lbs. Lbs. Lbs. Lbs. 

Lot I, 88 steers 
Corn, 18.4 lbs.* 

Clover hay, 9.4 lbs............. 1,082 2.0 940 484 

Lot II, 35 steers 
Corn, 17.7 lbs.* 
Nitrogenous concentrate, 2.9 Ibs. 

Glover hays Ol lbst fete 1,047 2.4 854 376 

*War corn fed in the Illinois trial has been reduced to the equivalent of shelled corn. 

In each of the 3 separate trials Lot II, receiving a nitrogenous concen- 

trate (cottonseed meal or linseed and gluten meal) in addition to corn 
and clover hay made larger and more economical gains from the stand- 

point of feed required per 100 lbs. gain. With feeds at the market prices, 
the gains were also cheaper than in Lot I. Due to better finish the steers 
in Lot II sold for a higher price in both trials, bringing 25 cents more 

per 100 Ibs. on the average than those in Lot I. 
Whether it will pay to add a nitrogenous concentrate to a ration of corn 

and legume hay will depend on the relative prices of these feeds. Steers 
supplied all the corn and legume hay they will clean up, during the early 
part of the fattening period eat a much larger proportion of hay than 
during the later stages. Until well advanced in fattening they will eat 

‘Ind. Buls. 129, 136. “TH. Bul. 103. 
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enough hay to balance their ration fairly well. Later, as the propor- 
tion of corn increases, the ration becomes unbalanced and there will be 
more benefit from the addition of a nitrogenous concentrate. With 
alfalfa hay for roughage, there is less need of adding protein-rich con- 
centrates than with clover, which is lower in protein than alfalfa. 

734, Heavy vs. light corn feeding.—When corn was low in price, fatten- 
ing steers on full feed in the corn belt were commonly given all the corn 
they would clean up. In recent years, with corn higher in price, it is 
often more economical to restrict the allowance and thereby induce the 
steers to eat a larger proportion of roughage. At the Nebraska Station? 
Smith fed 2 lots, each of 10 steers grown under range conditions and 
averaging 978 lbs., the first for 140 and the second for 168 days, on light 
and heavy rations of corn together with alfalfa hay and corn stover, with 
the results shown in the table: 

Heavy and light corn feeding for steers 

Feed for 100 lbs. gain 

Average ration Daily gain Gain per head Corn Rouzghage 

Lbs. Lbs. Lbs. Lbs. 
Lot I 

Corn, 22.3 lbs. 
Alfalfa hay, 4.9 Ibs. 
Corn stover, 4.9 Ibs.......... 2.4 339 922 403 

Lot IT 
Corn, 13.9 lbs. 

Alfalfa hay, 10.9 Ibs. 
Chin tionGe, 7/7) Wks ocacpobe 2.0 339 691 896 

Lot II, fed the light allowance of corn, gained 0.4 lb. less per head 
daily and required 168 days to put on 339 lbs., the same amount that Lot 
I did in 140 days. The steers in Lot II required 25 per ct. less grain per 
100 lbs. gain than Lot I, but over twice as much hay. In another trial 

Smith found that 870-lb. steers fed 12.0 lbs. of corn meal and 17.2 lbs. 
of alfalfa, made practically as rapid gains as others fed 18.8 lbs. of corn 
meal and 8.7 lbs. of alfalfa. The heavy-fed steers required 36 per ct. 

more corn per 100 lbs. gain but only half as much hay as those fed the 
light allowance of corn. 

Cochel and Doty found at the Pennsylvania Station‘ that 2-yr.-old 
steers fed a full allowance of corn, supplemented by cottonseed meal, and 
with corn stover, corn silage, and mixed hay for roughage, gained only 
0.15 lb. more per head daily than others fed two-thirds as much corn. 
The steers on the lighter feed of corn made cheaper gains and returned 
the greater profit. 

The amount of corn to be fed should be governed by the relative price 

of corn and roughage and by the time it is desired to have the cattle 

ready for market. 
735. Preparation of corn for beef cattle—The practice of successful 

stockmen in the corn belt and trials at the experiment stations show that, 

*Nebr. Buls. 100, 114. *Penn. Bul. 102. 
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in general, getting corn to cattle in the simplest manner and with the 

least preparation and handling is the most economical, when pigs follow 
the steers to consume any grains which escape mastication. Waters,°® 
gathering rephes from hundreds of cattle feeders in Missouri, Iowa, and 
Illinois, found that 50 per ect. fed husked or unhusked ear corn, 25 per 

et. shelled corn, and the remainder, crushed, soaked, or ground corn. 

Only 3 per et. fed ground corn as a regular practice. Skinner and 
Cochel® report that of 929 Indiana feeders 73 per ct. used broken ear 
corn at some time during the feeding period, 46 per ct. shock corn at some 
time, 35 per ct. snapped corn, 27 per ct. corn-and-cob meal, and 21 per 

et. used shelled corn. 
In finishing prime beeves many skilled feeders seek to ‘‘keep the feed 

better than the cattle,’’ 1.¢., prepare the feed more as the cattle gain in 
flesh. Thus, they may start the steers on shock corn, then as they require 
more concentrates, add snapped corn or ear corn; still later the ear corn 

is broken or shelled; and at the close of the fattening period, to tempt 
the steers to consume a heavier allowance of grain, corn meal or corn- 

and-cob meal is employed. 

Silage from well-matured corn is the most palatable form in which the 
entire corn plant can be offered to the steer. In addition to the grain in 
this succulent feed, some additional corn should be fed, usually in the 

form of ear corn or shelled corn. Next to silage, corn is never so palat- 
able to the steer as when given unhusked on the stalk, for there is an 
aroma and palatability about the ear in Nature’s own wrappings that 
every steer recognizes and appreciates. Such being the case, wherever 
possible let shock corn with its wealth of ears be thrown into the long 

feed racks standing in the open lot or under the shed and allow the 
steers to do their own husking and grinding. Where corn cannot be fed 
unhusked, ear corn should be given, whole, chopped, or split, as best suits 

the animal. Corn long stored in the erib becomes dry and hard, losing 
fragrance and aroma thru exposure to air and vermin. For summer 
feeding such grain should be specially prepared by soaking or shelling, 

or possibly by grinding. Corn should be soaked from 12 to 18 hours, 
care being taken to change the water frequently and to keep the feed 

boxes clean and sweet. Old cattle can utilize ear corn, stover, and coarse 

feed more advantageously than can younger animals. 

To induce young steers to consume sufficient corn to overcome their 
tendence to grow rather than to fatten, more preparation of the corn is 
warranted than with older animals. (423) 

736. Feeding corn in various forms.—To determine the economy of 
preparing corn in various ways, Mumford fed 5 lots of choice 1000-lb. 
feeders the rations shown in the table for 186 days at the Illinois Station.? 

*Mo. Bul. 76. ®*Ind. Cir. 12. “Ti, Bul103; 
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Feeding corn in various forms to fattening steers 

Feed for 100 
bs. gain 

Gain of pigs 
Pigs 001 Feed cost 

per 10 pe te Bee returned 
steers RieerS by pigs 

Average ration 
Concen-| Rough- 
trates age 

Lbs. Lbs. No. Lbs Per ct. 
Lot I, 16 steers 

Ear corn, 20.1 lbs. 
Gluten or oil meal, 2.9 Ibs. 

Clover hay, 8.0 Ibs......... 
Lot II, 15 steers 

Corn-and-cob meal, 20.0 lbs. 
Gluten or oil meal, 2.9 lbs. 

Clover hay, 8.1 Ibs......... 
Lot III, 10 steers 

Shelled corn, 16.6 lbs. 
Gluten or oil meal, 3.0 Ibs. 

Clover hay, 9.0 Ibs......... 
Lot IV, 16 steers 

Corn meal, 16.6 lbs. 
Gluten or oil meal, 2.9 lbs. 

@lovenhay. 8:7 lbs... 5.55. 
Lot V, 10 steers 

Ear corn, 13.5 lbs. 
Oil meal, 1.4 lbs. 

Shock corn, 14.7 lbs. 
@loverhay,'7.2) Ibs... ...... 

*Including ear corn in the shock corn. 

eff 

iw) lor) 
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While the steers in Lot IV, fed corn meal, made the largest gains and 
required the least feed for 100 lbs. gain, for combined gains of steers 
and pigs ear corn proved the most economical. Lot III, getting shelled 

corn, made the poorest gains, due to the fact that, as shown by the gains 
of the pigs following, the steers in this lot did not masticate their corn 
so thoroly as the others. While about the same amount of concentrates 

was required for 100 lbs. gain as with Lots I and IT, it must be remem- 
bered that the ear corn and the corn-and-cob meal rations contained over 
17 per ct. cob. Thus shelled corn proved inferior to ear corn or corn-and- 
cob meal in beef production. Lot V, fed shock corn at first and ear 
corn during the finishing period, made larger gains than Lot III, fed 
shelled corn. In economy of combined gains of steers and pigs the shock- 
corn ration ranked second. 
Where shelled corn was fed, the 7 hogs following each 10 steers gained 

3.6 lbs. from each 100 lbs. of corn fed to the steers, the hogs returning 
16.7 per ect. of the value of the corn given to the steers. Where ground 
corn was fed, the hogs returned but 0.7 lb. increase for 100 lbs. of corn 
fed to the steers, and corn-and-cob meal made still poorer returns. 

Good of the Kentucky Station’ finds that steers fed silage often fail to 
eat sufficient corn when it is supplied in the form of ear corn, possibly 
due to the fact that the silage makes their gums tender. By feeding 
shelled corn this difficulty is obviated. 

®Information to the authors. 
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737. Soft corn.—hKennedy and Rutherford of the Iowa Station,® study- 

ing the feeding value of soft corn with 2 lots of 8 steers each, fed for 6 
months, found that soft corn, containing 35 per ct. of moisture at the 
beginning of the trial and 16 per et. at its close, made rather more 
economical gains than mature corn, taking dry matter as_the basis of 
comparison, and that the cattle finished equally well on it. (295) 

738. Barley—In sections of the West where corn does not thrive, 
barley is of much importance as a grain for fattening cattle. To com- 

pare this grain with corn, Wilson fed 866-lb. steers the rations shown 
below in 2 trials at the South Dakota Station’? averaging 108 days in 
length : 

Barley vs. corn for fattening steers 
: Daily Feed for 100 lbs. gain 

Average ration gain Concentrates Corn silage 

Lbs. Lbs. Lbs. 

Lot I, § steers 
Ground barley, 14.8 Ibs. 
Linseed meal, 1.5 lbs. Corn silage, 14.2 Ibs... . $ 

Lot II, § steers 
Ground corn, 16.8 lbs. 
Linseed meal, 1.7 lbs. Corn silage, 14.2 Ibs.... 2.5 

bo post =~] ico) oS rr ~J rs 

bo ) or [o> [or] ro N 

The steers fed barley did not consume quite as much grain as those 
fed the more palatable corn and hence did not make quite as rapid gains. 

However, less concentrates were required for 100 Ibs. gain than with 
eorn. In a trial at the Hays, Kansas, Station’! Haney secured similar 

results with S- to 10-months-old steer calves fed alfalfa hay and either 

eround barley or eorn-and-cob meal. The calves fed corn gained 0.2 Ib. 
more per head daily, but required 5 per ct. more grain than those fed 
barley. (226) 

739. Wheat.—This grain is not commonly fed to cattle except when 
off grade or unusually low in price. Linfield of the Montana Station™ 
found wheat and barley of practically the same value when fed in 
limited allowance with clover hay to 936-lb. steers. At the Nebraska 

Station*® Burnett and Smith found wheat superior to corn for fattening 
yearling steers, when fed with 20 to 30 per et. of bran and linseed meal 
along with alfalfa hay, prairie hay, and wheat straw for roughage. Two- 
yr.-old steers fed ground wheat and alfalfa hay in a trial by Haney at 
the Hays, Kansas, Station™ gained 0.45 Ib. less per head daily than others 
fed ground corn, due to the fact that the wheat was less palatable and 
hence the steers ate less grain than those fed corn. The wheat-fed steers, 
however, required less grain per 100 lbs. gain. We may conelude that, 

while steers fed wheat may consume less grain than others fed an un- 

limited allowance of corn, no more wheat than corn is required for 100 
Ibs. gain. 

*Iowa Bul. 75. 4Kan. Bul. 128. Nebr. Bul. 75. 

CSD Bul. 160! %Mont. Bul. 58. *Kan. Bul. 128. 
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At the North Dakota Station’® Sheppard and Richards found that fat- 
tening steers fed low-grade ground wheat and bran, with poor quality 
hay for roughage, required about twice as much feed per 100 lbs. gain as 
others fed corn meal. The wheat-fed steers grew rather than fattened, 
indicating that low-grade wheat, which is usually higher in protein than 
wheat of good quality, should be used for growing animals rather than 
for fattening ones. (215) 

740. Oats.—Since oats are usually high in price compared with other 
grains, they are seldom used as the sole concentrate for fatteniny, tho 
they are well liked by cattle and produce beef of good quality. In 2 
trials of 101 and 115 days, respectively, Wilson of the South Dakota Sta- 
tion*® fed steers averaging 875 lbs. about 14 lbs. of corn silage per head 
daily and concentrates as shown in the table, to compare the value of 
ground oats and ground corn: 

Oats vs. corn for fattening steers 

Daily Feed for 100 Ibs. gain 
Average concentrate allowance gain Concentrates Silage 

Lbs. Lbs. Lbs. 

Lot Oats 15.0 Ibs. Linseed meal, 1.5 Ibs. . ee 4 862 746 
Lot ir Corn, 16.8 lbs. Linseed meal, 1.7 lbs... 22 856 648 

The first year the oat-fed steers made as large gains as those fed corn, 
but the second year when the oats were rather light in weight, the corn- 
fed steers made better gains. The table shows that the steers fed oats 
required about the same amount of concentrates for 100 lbs. of gain as 
those fed corn, but consumed somewhat more silage. Linfield at the 

Montana Station*’ found oats, wheat, and barley about equally effective 
when fed with clover hay to fattening steers. A mixture of the 3 grains 
was somewhat superior to any single one. Oats are excellent for grow- 
ing cattle, and are also useful for mixing with corn in starting cattle on 
feed, especially calves being fattened for baby beef. For fattening cattle 
oats should be ground, as any whole grains escaping mastication are not 
so readily recovered by pigs as is corn. (223) 

741. Kafir—Thruout the southern portion of the great plains region 
the grain sorghums are of great importance in the feeding of beef cattle. 
The following table presents the results of 3 trials, averaging 138 days, 
in which ground kafir and alfalfa hay were fed to one lot of steers, and 
ground corn and alfalfa hay to another lot. In the second division of the 
table are surmmarized the results of 4 trials, averaging 148 days, in which 
these grains were fed as the sole concentrate with kafir or sorghum fodder 
or kafir stover. Corn or kafir with these carbonaceous roughages made an 
unbalanced ration, from which as good gains could not be expected as 
from corn or kafir with alfalfa hay. 

¥N. D. Bul 73. “S. D. Bul. 160. “Mont. Bul. 52. 
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Kafir vs. corn in balanced and unbalanced rations 
; Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Grain Roughage 

Lbs. Lbs. Lbs. Lbs. 

With alfalfa hay* 
Lot I, total of 18 steers 

Ground kafir, 16.7 lbs. 
Alfalfa hay, 15.1 lbs.............. 952 2.4 697 636 

Lot II, total of 18 steers 
Ground corn, 15.5 lbs. 

Alfalfa hay, 15.2 Ibs.............. 9438 2D 612 610 

With carbonaceous roughage} 
Lot I, total of 36 steers 

Ground kafir, 18.1 Ibs. 
Carbonaceous roughage, 14.6 Ibs... 958 1x7 1,081 936 

Lot II, total of 81 steers 
Ground corn, 16.7 ibs.t : 

Carbonaceous roughage, 14.8 lbs... 953 1.8 934 872 

*Average of 2 trials by Burtis (Okla. Rpts. 1899, 1900, 1901) and 1 by Haney (Kan. Bul. 132). 
Average of 2 trials by Burtis (Okla. Rpts. 1900, 1901), 1 by Georgeson (Kan. Bul. 67), and 1 by Haney t 

(Kan. Bul. 132). ; ; 
tCorn-and-cob meal fed in trial by Haney reduced to equivalent of ground corn. 

These trials well show the value of kafir for fattening steers. When 
given alfalfa hay, the steers fed kafir required only 14 per ct. more kafir 
grain for 100 lbs. gain than those fed corn. With poorly balanced ra- 
tions of carbonaceous roughage and either kafir or corn, about 16 per ct. 

more kafir than corn was consumed per 100 Ibs. gain. (237) 
742. Milo and kafir vs. corn.—At the Texas Station’** Burns fed 3 lots, 

each of six 2-yr.-old grade Angus steers averaging about 875 lbs. in weight, 
12.6 lbs. of cottonseed hulls and 3.0 lbs. of cottonseed meal per head 
daily with 15.1 Ibs. of corn chop, milo chop, or kafir chop, for 120 days 
with the results shown in the table. The grains were all ground to the 

same fineness. 

Milo and kafir compared with corn for fattening steers 
Daily Feed for 100 lbs. gain 

Concentrate allowance gain Concentrates Hulls 

Lbs. Lbs. Lbs. 

Lot I, Corn and cottonseed meal......... Piel 858 599 
Lot II, Milo and cottonseed meal ......... 2.1 853 596 
Lot III, Wafir and cottonseed meal......... 2.5 Teil 510 

Fed with cottonseed meal and cottonseed hulls, kafir produced the 

largest and most economical gains, and milo proved equal to corn. There 
was no material difference in the quality of meat from the 3 lots. (238) 

743. Emmer (spelt)—To compare the value of ground emmer and 

ground corn for fattening steers, Wilson condueted 2 trials at the South 

Dakota Station?® in which 880-lb. steers were fed an average of 14 lbs. 

corn silage per head daily with the concentrate allowances shown in the 

table for periods averaging 108 days: 

18Tex. ‘Bul. 110. 2S. D. Bul. 160. 
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Emmer vs. corn for fattening steers 

Daily Feed for 100 lbs. gain 
Average concentrate allowance gain Concentrates Silage 

Lbs. Lbs. Lbs. 

Lot I, Emmer, 16.7 lbs. Linseed meal, 1.7 lbs. 2.2 840 648 
Lot II, Corn, 16.8 lbs. Linseed meal, 1.7 lbs. 2.2 856 648 

In this fairly well balanced ration ground emmer was fully equal to 
ground corn. Wilson coneludes that under South Dakota conditions 

emmer is the best small grain to grow for feeding with corn silage. In a 
previous trial at the same Station®® in which the unbalanced rations of 
prairie hay and either corn or emmer were fed, Wilson and Skinner 
found that it required 125 lbs. of emmer to replace 100 Ibs. of corn. Fed 
to calves fattened for baby beef,** emmer produced a hard fat the same 

as did oats, and meat of as good quality as that from corn. (238) Emmer 
closely resembles oats in composition, having considerable bulk, and there- 
fore should be especially useful in starting cattle on feed. (740) 

744. Millet.—That the seed of hog, or broom-corn, millet, which is a 
reliable grain crop on the northern plains, is a satisfactory feed for fat- 
tening cattle was shown by Wilson and Skinner at the South Dakota 
Station.2? Calves weighing about 500 lbs. fattened for baby beef on 
eround millet and clover hay gained 1.5 Ibs. per head daily for 431 days, 

while others fed corn and clover hay gained 1.8 lbs. The steers fed 

millet required 6 per ct. more grain and 32 per ct. more hay for 100 lbs. 
gain than those fed corn. Millet produced carcasses of as good quality as 
corn, but with somewhat softer fat. (248) 

745. Rough rice and by-products.—In feeding trials with steers at the 
Texas Station*® Craig and Marshall found that when fed with cottonseed 
meal and cottonseed hulls 2.3 lbs. of ground rough rice was equal to 1 lb. 

of cottonseed meal in the ration. Ten lbs. of rice bran proved equal to 6 
lbs. of cottonseed meal when forming two-fifths of the concentrates of 
the ration. Rice polish was about equal to cottonseed meal. Rice hulls 
proved to be without value. Cruse secured satisfactory results with a 
ration of 7.3 lbs. rough red rice (a pest in the rice fields), 4.2 lbs. cotton- 
seed meal, and 12.5 lbs. Johnson grass hay in a trial at the Fort Worth, 

Texas, Substation.** Rice should always be ground for cattle. (234) 

746. Sugar-beet pulp.—In the vicinity of the western beet sugar fac- 
tories thousands of cattle are fattened annually on beet pulp with alfalfa 
hay, which admirably supplements the protein-poor pulp, and usually 
with a limited allowance of grain in addition. To study the most profit- 
able method of feeding pulp Carlyle and Griffith fed 4 lots, each of twelve 
956-lb. steers, the rations shown in the table for 100 days at the Colorado 
Station.» Alfalfa hay of poor quality was fed to all without limit. 

»S. D. Bul. 100. SASS 1D, 183k Gy/, “Mex, Bull 135. 

tS) DS Bula Oi. Tex. Buls. 76, 86. *>Colo. Bul. 102. 
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Value of wet beet pulp in steer feeding 

Daily Feed for 100 Ibs. gain 
Average ration gain Corn Hay Grain 

Lbs. = Lbs. Lbs. Lbs. 

Lot I 
Beet pulp, 93.4 lbs. 
Alfalfa hay, 20.0 lbs. Ground corn, 6.6 lbs... 2.6 251 759 3,545 

Lot II 
Alfalfa hay, 31.3 lbs. Ground corn, 6.6 Ibs... 1.8 376 1,778 

Lot II] 
Beet pulp, 97.3 Ibs. 
Ailtaltar hay. 2 1s Onllosta. ce eeneee teens ie eee ly Sala eaiae 1,189 5,283 

Lot IV 
Alfalfa thay, 41:50lbs: 22.0 oe fat)o. ss eee Ue eres: 2,829 

The steers in Lot I, fed an unlimited allowance of wet beet pulp and 
alfalfa hay with 6.6 lbs. of corn per head daily, made the excellent daily 
gain of 2.6 lbs. each, considerably larger than that of Lot II, fed only 

alfalfa hay and corn, or Lot III, fed beet pulp and hay, with no corn. 
Thruout the trial the pulp-fed steers were more thrifty than those getting 
no pulp. The conclusion was that for 2-yr.-old fattening steers 1 ton of 

wet beet pulp was equal to 620 Ibs. of alfalfa hay or 220 lbs. of ground 
eorn. In feeding this succulent food, care should be taken that refuse 
pulp does not accumulate in the troughs and decompose. Animals should 
be gradually accustomed to the pulp, later being usually given all they 
will clean up. (274) 

747. Dried beet pulp—Shaw and Norton of the Michigan Station?® 
found as the result of 3 winter trials that dried beet pulp tended to 
erowth with cattle rather than to fattening, and conelude that while in 

the earlier part of the feeding period dried pulp can be fed advantage- 
ously in large quantities because it produces rapid gains, during the 
finishing period it should be largely replaced by corn meal. They found 
a 1000-lb. steer will not consume over 10 lbs. of dried beet pulp daily. 
(275) 

748. Molasses.—In the sugar-cane districts of the South, cane molasses 

is an economical carbonaceous concentrate for cattle. In a 120-day trial 
at the Texas Station?’ Burns fed 2 lots, each of 6 high-grade 2-yr.-old 
Aberdeen-Angus steers, averaging about 870 lbs., a basal ration of 12.6 
Ibs. cottonseed hulls and 3 lbs. cottonseed meal, with corn or corn and 

blackstrap molasses, as shown in the table: 

Cane molasses as a partial substitute for corn 

Daily Feed for 100 lbs. gain 
Average ration gain Concentrates Hulls 

Lbs. Lbs. Lbs. 

Tet I, ~ Corn, 15.1 lbs, Basal-ration (idence 2.1 858 599 

Lot II, Molasses, 6.5 lbs. 
Corn; 8.6: lbs: ‘Basal ration# 2 12ers 28 798 559 

*®Mich. Bul. 247. a hex Bul 120: 
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When 6.6 lbs. of molasses replaced an equal weight of corn the gains 
were slightly increased and less feed was required for 100 lbs. gain, 
showing molasses to be somewhat the higher in feeding value per pound, 
when replacing not more than half the corn in the ration. 

In a 140-day trial at the Pennsylvania Station? Tomhave and Sever- 
son fed a lot of six 1040-lb. choice feeders all the corn and mixed hay 
they would consume, in addition to 20 lbs. of corn silage per head daily 
and 2.5 lbs. of cottonseed meal daily per 1,000 lbs. live weight. Another 
lot was given the same feeds with 5 lbs. of molasses in addition. The 

steers fed 5 lbs. of molasses per head daily made no larger gains than the 
first lot, and their gains were more expensive, with molasses at $20 per 
ton and shelled corn at 70 cents per bushel. 

At the Indiana Station*? Skinner and King found in a 150-day trial 
that steers fed 2.8 lbs. molasses, 10.9 lbs. shelled corn, and 3.3 lbs. ecot- 

tonseed meal gained 0.34 lb. more per head daily than others fed 13.6 
Ibs. shelled corn and 3.3 lbs. cottonseed meal, both lots receiving corn 
silage and clover hay without limit in addition. The steers fed molasses 
consumed over 4 lbs. more silage per head daily than the others. With 
corn ranging from $21.60 to $24.75 per ton and molasses at 13.5 cents 
per gallon ($22.50 per ton), the steers fed molasses made the cheaper 
gains. From these trials we may conclude that in the North as heavy 
an allowance of molasses as 5 lbs. per head daily is not ordinarily econ- 
nomical, tho a small amount may be profitable in stimulating the appe- 
tite. Molasses is especially useful in getting animals to clean up rough- 
age which would otherwise be unpalatable. 

Ware*® reports that beet molasses has been fed to oxen for many 
years at the Hohenau sugar factory, Germany. During the first month 
3.3 lbs. is fed per head daily, and after this 4.4 lbs., the molasses being 
mixed with beet pulp. The oxen so fed have better appetites than those 
fed no molasses, and fatten rapidly. Not more than 4 to 8 lbs. of beet 

molasses daily per 1,000 lbs. live weight should be fed to fattening cat- 
tle: When fed at this maximum rate of 8 lbs. per head daily, with alfalfa 
hay valued at $3.50 per ton and bran and shorts at $14 per ton, mo- 
lasses was worth only $2.35 per ton for fattening steers. Morton*! of 
the Colorado Station states that the use of molasses is greatly increasing 
in the beet-sugar districts. The molasses is spread over hay or cut straw, 

either by means of a force pump on an ordinary wagon water tank, or is 
thinned with water and poured over it from buckets. Large feeders 
heat the molasses in tanks and mix it with cut hay or straw in mixing 
machines. (276) 

749. Hominy feed—At the Kansas Station** Cochel fed 2 lots each of 
fifteen 540-lb. calves for baby beef on 19.7 lbs. sorghum silage, 1.7 lbs. cot- 

tonseed meal, and either 9.3 lbs. ground corn or 8.9 Ibs. hominy feed per 

Information to the authors. *Cattle Feeding, p. 245. 

Information to the authors. Information to the authors. 

“Kansas Industrialist, May 1, 1915; information to the authors. 
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head daily for 120 days. For the first 2 months the hominy-fed calves 
made the most rapid gains, but later they were passed by those fed on 

corn, apparently because they would not eat as heavy an allowance of 
hominy feed, which is rather high in fat. The hominy-fed calves gained 

1.87 lbs. per head daily and those fed corn 1.96 lbs., the feed require- 
ments per 100 lbs. gain being practically the same for the 2 lots. (218) 

II. NitRoGENOUS CONCENTRATES 

750. Cottonseed meal.—This rich concentrate is the basis of the fatten- 
ing of beef cattle in the South and is widely used in the northern states 
as a supplement to rations deficient in protein. Trials at the Indiana 

Station, which are reviewed later (777), show that 2.5 lbs. of cottonseed 
meal per head daily per 1,000 lbs. live weight is sufficient to balance a 
ration of shelled corn, corn silage, and oat straw or clover hay. In the 

South, owing to the cheapness of cottonseed meal, it is commonly fed as 
the sole concentrate. Since the meal is a heavy, highly nitrogenous feed, 
and is poisonous to fattening cattle when fed in excess, the determination 
of the allowance to be fed for the best results is of great importance. 

(249-50) 
During each of 3 years Willson fed 2-yr.-old steers, averaging 944 lbs. 

in weight, for 90-day periods at the Tennessee Station** on corn silage and 

different amounts of cottonseed meal, as is shown in the table. The 

steers fed low cottonseed meal allowances received 3 lbs. of meal for the 
first 30 days, 4 lbs. for the second 30 days, and 5 Ibs. for the last month. 
Those on medium allowances received 4 or 5 Ibs. for the first month, 5 or 
6 for the second, and 6 or 7 for the third, while those on the heavy 

allowances received 7, 8, and 9 lbs. respectively, for the 3 months of the 

feeding period. 

Low, medium, and heavy allowances of cottonseed meal 
Daily Feed for 100 lbs. gain Cost of 100 

Average ration gain Meal Silage lbs. gain* 

Lbs. Lbs. Lbs. Dollars 

Low allowance, total of 32 steers 
Cottonseed meal, 4 lbs. Corn silage, 56 Ibs.. 1.62 253 3,042 8.47 

Medium allowance, total of 24 steers 
Cottonseed meal, 6 Ibs. Corn silage, 52 Ibs... 1.70 335 3,124 8.87 

Heavy allowance, total of 24 steers 
Cottonseed meal, 8 lbs. Corn silage, 59 lbs... 1.66 491 3,622 11.56 

*Cottonseed meal at $25 and corn silage at $3 pe. ton. 

In none of the trials did the heavy allowance of cottonseed meal pro- 
duce larger gains than the medium allowance. On the average the 
medium allowance made slightly larger but more expensive gains than 

the low allowance. Willson concludes that the use of as much as 7 to 9 

*%Tenn. Bul. 104. 
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lbs. of cottonseed meal per head daily is uneconomical except for short 
feeding periods of only 30 to 50 days. 

Since the feeders of the south Atlantic states have access to the large 
eastern markets, which demand well-finished cattle, Gray and Curtis 

conducted trials at the North Carolina Station®* to determine the maxi- 
mum amount of cottonseed meal which could be fed with good results to 
2-yr.-old steers with corn silage or cottonseed hulls given in unlimited 
amount. In a 99-day trial 8 lots, each of 9 to 10 steers, were fed the 
allowances of cottonseed meal shown in the table. 

Amount of cottonseed meal to feed with corn silage or cottonseed hulls 
Daily Feed cost of Selling price 

Average daily allowance of meal gain 100 lbs. gain* | per 100 lbs. 

Lbs. Dollars Dollars 

Corn silage for roughage 
Lot I, Cottonseed meal, 6.0 lbs........... 1.19 11.39 7.90 
Lot . II, Cottonseed meal, 7.5 lbs.......... 1.49 10.34 8.00 
Lot III, Cottonseed meal, 9.0 Ibs........... 6 9.79 8.20 
Lot IV, Cottonseed meal, 10.5 lbs.......... 1.89 10.03 8.40 

Cottonseed hulls for roughage 
Lot V, Cottonseed meal, 6.0lbs........... 1.48 9.86 7.90 
Lot VI, Cottonseed meal, 7.5 lbs........... il 6595) 10.30 8 .00 
Lot VII, Cottonseed meal, 9.0 Ibs........... 1.59 ilk Ve/ 8.15 
Lot VIII, Cottonseed meal, 10.5 lbs.......... 1.45 13 .29 8 .00 

*Cottonseed meal, $25; cottonseed hulls, $6; and corn silage, $3.50 per ton. 

With corn silage for roughage the allowance of 10.5 lbs. of cottonseed 
meal produced the largest gains and the highest finish, as shown by the 
selling price, and brought the most profit. The gains were, however, 
cheaper when 9 Ibs. of meal was fed. With hulls the gains were largest, 
the finish highest, and the profit greatest on the allowance of 9 lbs. of 
meal. In another trial lasting 107 days with 4 lots, each of 20 steers, 9 
Ibs. of meal fed with silage made smaller gains than 7.5 lbs., but pro- 
duced slightly better finish. When fed with hulls 9 lbs. of meal pro- 
duced decidedly lower gains at a much higher cost than 7.5 lbs. From 
these and other trials Curtis concludes that cattle fed 7.5 lbs. of meal 
per head daily with either silage or hulls will continue to gain and finish 

quite satisfactorily for 130 to 140 days, which is the maximum period 

for feeding this allowance with hulls. With corn silage the feeding 
period may be extended 30 to 50 days or even somewhat longer without 

harm. When 9 to 10.5 lbs. of meal is fed with hulls, the daily gains 
decrease after 120 to 130 days until finally the animal begins losing 
weight. The same amount of meal may be fed with silage for 30 to 60 
days longer with continuous gains and consequent high finish. The 
retarding of the poisonous effect of cottonseed meal by silage seems to 
be due to the succulent nature of the silage, for the same effect is also 
produced by pasturage. Owing to the protein-rich nature of cottonseed 
meal, with young steers it tends to produce growth rather than to 

fatten; hence 2- or 3-yr.-olds are best suited for heavy cottonseed meal 

%Information to the authors. 
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feeding. When fattening yearlings on cottonseed meal, McLean of the 
Mississippi Station®® recommends that they be given not over 5 lbs. per 

head daily. 
Gray and Ward *° found a daily allowance of 2.3 lbs. cottonseed meal 

and 1.2 lbs. corn-and-cob meal somewhat superior, for 6- to 8-months old 

ealves fed for baby beef, to an allowance of 3.1 lbs. cottonseed meal, 
cottonseed hulls and mixed alfalfa and grass hay being fed to both lots. 
In feeding cottonseed meal it is exceedingly important that the steers be 

started on the feed slowly, as many animals are injured by failure to 

observe this precaution. 
Soule of the Georgia Station®’ states that with cattle to be fed 180 days 

about 4 lbs. per head daily is enough for the first 60 to 90 days, the 

allowance eventually being increased to 8 to 10 lbs. The meal should also 
be mixed thoroly with the roughage, so that the greedy steer will not be 

able to gorge on the meal. 
751. Cold-pressed cottonseed cake.—To compare the value of cold- 

pressed cottonseed cake, or ‘‘eaddo cake,’’ with choice cottonseed meal, 

Kennedy and Robbins fed 2 lots, each of seven 714-Ib. steers, the follow- 

ing rations at the Iowa Station®® for 168 days: 

Caddo cake vs. cottonseed meal for fattening steers 
Daily Feed for 100 lbs. gain 

Average ration gain Cake or meal Corn Hay 

Lbs. Lbs. Lbs. Lbs. 

Lot I 
Caddo cake, 4.4 lbs. 
Corn-and-cob meal, 14.4 lbs. Clover hay 5.3 Ibs. 1.8 239 793 290 

Lot II 
Cottonseed meal, 3.1 lbs. 
Corn-and-cob meal, 14.2 Ibs. Clover hay, 5.4 lbs. 1.7 180 Sb 7 S80 

Lot I, fed 4.4 lbs. caddo cake containing 28.9 per ect. crude protein, 

made slightly larger gains than Lot IJ, fed 3.1 lbs. choice cottonseed 

meal containing 42.9 per ct. crude protein. In feed required per 100 

lbs. gain, 133 lbs. of caddo cake was more than equal to 100 lbs. of cot- 

tonseed meal, a somewhat higher value than would correspond to the 
amounts of erude protein in the 2 feeds. Kinzer states that in a trial at 
the Kansas Station®® steers fed caddo cake likewise made slightly larger 
gains than others fed cottonseed meal, and Smith reports from trials at 
the Nebraska Station*® that cattle relish caddo cake even better than 

cottonseed meal. (248) 
752. Cotton seed—The practice of feeding cotton seed to beef cattle 

in the South is rapidly declining according to Soule of the Georgia Sta- 
tion, both because of the demand for the seed for oil production and 
because cottonseed meal gives uniformly better results than the whole 

Miss. Bul. 121. ®Breeder’s Gaz., 58, 1910, p. 350. 

% Ala. Bul. 158. ‘Nebr. Bul. 116. 

7 Breeder’s Gaz., 59, 1911, p. 1163. ‘Breeder’s Gaz., 66, 1914, p. 718. 

® Breeder’s Gaz., 58, 1910, p. 3038. 
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seed. In a 90-day trial at the Texas Station** Burns fed 2 lots, each of 
6 high-grade Angus steers, 16.0 lbs. of kafir chop and 12.8 lbs. of cotton- 

seed hulls per head daily with the allowance of cottonseed meal or meal 
and cotton seed shown in the table: 

Cotton seed vs. cottonseed meal for fattening steers 
Daily Feed for 100 lbs. gain 

Cottonseed meal and cotton seed per head daily gain Concentrates Hulls 

Lbs. Lbs. Lbs. 

I, Cottonseed 4.0 lbs. Cottonseed meal, 1.0lbs.. 2.0 1,026 626 
ii @ottonseed meal; 2.9 Ibsi.3. 82...) 5..6 6054. 2.5 750 508 

Substituting 4 lbs. of cotton seed for 1.9 lbs. of cottonseed meal pro- 

duced smaller gains. In this trial cottonseed meal at $26 per ton was 
cheaper than cotton seed at $12. In a later trial with steers fed sorghum 
and cowpea silage, Burns** found that when the allowance of cotton seed 
was increased beyond .8 lbs. per head daily the animals scoured badly; 
on substituting cottonseed meal for the cotton seed they recovered and 
made much larger gains. Cottonseed meal at $27 per ton was more 
profitable than cotton seed at $17. (245) 

753. Linseed meal.—Thruout the northern states linseed meal is wide- 
ly used as a nitrogenous supplement for beef cattle. Smith of the Ne- 
braska Station,** as a result of 3 trials with steers, fed corn and prairie 
hay, in comparison with others fed 90 per ct. corn and 10 per ect. linseed 
meal with prairie hay, found that it required 23 per ct. less concentrates 
for 100 lbs. gain when the ration containing linseed oil meal was used. 
For steer fattening linseed meal was slightly superior to cottonseed meal, 
and much more valuable than wheat bran for supplementing a ration of 

corn and prairie hay or corn stover. Asa supplement to corn and prairie 
hay, in 2 trials‘? with yearling steers linseed meal was worth $29.74 to 
$32.00 per ton, compared with cold-pressed cottonseed cake at $25. (254) 

754, Soybeans.—The protein-rich seed of the soybean is well suited to 
serve as a nitrogenous supplement for fattening cattle. To compare 
this concentrate and choice cottonseed meal, Skinner and King con- 
ducted 2 trials at the Indiana Station*® with 900-lb. steers, fed the fol- 
lowing rations for 180 and 175 days, respectively : 

Ground soybeans vs. cottonseed meal for fattening steers 
Daily Feed for 100 lbs. gain 

Average ration gain Concentrates Straw Silage 
Lbs. Lbs. Lbs. Lbs. 

Lot I 
Shelled corn, 13.0 Ibs. Oat straw, 1.1 lbs. 
Ground soybeans 2.7 lbs. Corn silage, 22.1 Ibs. 2.2 722 52 1,011 

Lot II 
Shelled corn, 13.9 lbs. Oat straw, 0.9 lb. 
Cottonseed meal, 2.8 Ibs. Corn silage, 26.3 

sire Biya Gibicw occfcieih Brcko ORI ee ee 2.5 676 36 1,062 

2Tex. Bul. 110. “Nebr. Bul. 100. *Ind. Buls. 167, 178. 

*Tex. Bul. 159. *Nebr. Bul. 132. 
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While Lot Ll made somewhat larger gains and required slightly less 

feed per 100 Ibs. gain, the results from Lot I, fed ground soybeans, were 

on the whole satisfactory. The steers showed a greater tendency to go 

off feed during the last 8 months of the feeding period on soybeans than 

on cottonseed meal, due undoubtedly to the large amount of oil that soy- 

beans contain, With soybean meal, from which the oil has been ex- 

tracted, this condition would probably not result. In a third trial’? 
lasting 150 days, steers fed the same ration as Lot I made slightly larger 

eains than lots fed cottonseed meal, shelled corn, corn silage, and either 

clover or alfalfa hay. (256) 

755. Soybeans, cowpeas, and corn.—In the southern states it 18 possible 

lo grow a winter crop of small grain and harvest it in time to plant 

soybeans, cowpeas, or corn, thus securing 2 crops each year from. the 

same land. During 7 years the following crops have been grown on 

different acres at the Tennessee Station’® by Quereau and Willson and 
fed to steers, to determine the amount of beef produced per aere under 

the different systems of eropping. In addition to the produet from the 

eiven acre, the steers were each fed 20 lbs. of corn silage per head daily. 

The manure resulting from the erops on each aere was returned thereto. 

Acre yields of beef from varius crops im the South 
Bool Boot 

Crops and aere yield por wore Crops and sere yield por wore 
Lbs, Lbs. 

Acre 1 Acre LV* 
Soybean grain, 1,189 Ibs. Soybean grain, 1,202 Ibs. 
Soybean stover, 2,877 Ibs. Soybean stover, 2,552 Ibs. 
Barley grain, 1,411 Ibs...... HOS Wheat grain, 1,216 Ibs........ 402 

Acre Il Acre Vt 
Cowpea grain, 550 Tbs. Soybean hay, 3,727 lbs. 
Cownpen stover, 2,104 tbs. Barley grain, 1,448 Ibs........ 485 
Barley grain, 1,656 Ibs........ 451 

Acre VI* 
Acre [I] Soybean hay, 3,376 Ibs. 

Corn grain, 1,839 Ibs. Oat grain, 1,610 Ibs.......... 456 
Corn stover, 3,045 Ibs. 
sarley grain, 1,832 Ibs........ 484 Acre VITt 

Alfalfa hay, 8,228 lbs......... 516 
KAy, ford yours, TAv. for 6 yours, fAv. for 5 yoars, 

Of the various combination erops, Acre I, on which soybeans were 

erown for grain and stover, with barley as a winter grain crop, pro- 

duced the largest amount of beef per acre. Cowpeas yielded much less 

erain and stover and produced tess beef per aere. Aere LIT, on which 
were grown corn for grain and stover, with barley as the winter erop, 

made considerably less beef per acre than Aere I, due in no small 

measure to the unbalanced nature of the ration of eorn grain, eorn 
stover, corn silage, and barley grain, Alfalfa, tested for 5 years, shehtly 

surpassed even Acre I. The returns from these aeres well illustrate the 
possibilities of the South for beef production in a system whereby more 

than a single crop is grown each year. (262) 

"Information to the authors, “Information to the authors. 
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756. Wheat bran.—Since wheat bran is lower in protein than cotton- 
seed or linseed meal, a correspondingly larger amount is needed to 
balance a ration deficient in this nutrient. While bran is used more 
extensively for dairy cows than for feeding beef cattle it is often 

employed for the latter, especially in starting cattle on feed. Skinner 
and Cochel'® found in replies from 929 Indiana cattle feeders, secured 
in 1906, that 40 per ct. of those using some supplement to corn pre- 
ferred bran, doubtless because it was available in almost every locality. 

In 4 trials at the Nebraska Station’? Smith found that when fed as a 
supplement to corn and prairie hay, corn stover, or corn silage, bran 
produced somewhat smaller gains than linseed meal, cottonseed meal, or 

cold-pressed cottonseed cake and the gains were more expensive. 
In 2 trials at the Pennsylvania Station’! by Tomhave, Hickman, and 

Severson the common Pennsylvania ration of wheat bran, corn, mixed 
hay and corn stover proved inferior to one of corn, cottonseed meal, 
mixed hay, and corn silage, undoubtedly due in large part to the sub- 
stitution of silage for the stover. (218) 

757. Gluten feed.—Tho most commonly fed to dairy cows, gluten feed 

is a satisfactory nitrogenous concentrate for fattening cattle. In trials 

at the Missouri Station’? in which the value of various supplements to 
corn for steers of various ages on good bluegrass pasture was compared, 

Mumford found that steers fed linseed or cottonseed meal and corn 
generally made slightly larger gains than others fed gluten feed and 

corn. (210) 
758. Dried distillers’ grains; distillery slop.—That a limited allowance 

of dried distillers’ grains is satisfactory for fattening cattle is shown in 
a trial by May at the Kentucky Station’*® with 2 lots, each of 4 steers, 

running on closely cropped bluegrass pasture, and fed an unlimited 

allowance of clover hay. Lot I, fed 14.3 lbs. of corn-and-cob meal 

and 5.4 Ibs. of dried distillers’ grains per head daily, made 2.2 lbs. aver- 

age daily gain, and required 882 lbs. of concentrates per 100 lbs. gain. 
Lot II, fed a daily allowance of 23.0 lbs. corn-and-cob meal, gained only 

1.8 lbs. daily per head and required about 400 lbs. more concentrates 
per 100 lbs. gain. (282) 

In the vicinity of distilleries many eattle are fattened on the wet 

distillery slop or mash. Tooper of the Kentucky Station™ reports that 

in 1911 about 25,000 steers were so fed in Kentucky. The slop is pumped 
from the distillery to the feed lots, where it is fed in troughs. In addi- 

tion to the slop an average of about 3 lbs. of cottonseed meal is fed per 
head daily, with 10 to 15 lbs. of hay, straw, bluegrass chaff, or cotton- 

seed hulls. The roughage and the cottonseed meal are usually mixed 

with the slop, tho sometimes the steers are permitted to drink the clear 
slop. 

“Ind, Cir, 12, “Mo. Bul. 90. 

“Nebr. Buls. 100, 132. “Ky. Bul, 108. 

"Penn. Bul. 133; information to the authors. “Ky, Sta, Miscel, Circular. 
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759. Dried brewers’ grains—According to Pott,°° in Germany dried 
brewers’ grains are well esteemed as a concentrate for fattening mature 
cattle, meat of especially good quality being produced on dried brewers’ 
erains, fed as the sole concentrate with potatoes, beets, and dry rough- 
age. (228) 

760. Velvet bean.—At the Florida Station®® Scott fed velvet beans 
in the pod in comparison with other feeds to sixteen 700-lb. steers di- 
vided into 4 lots, of 4 each, for 84 days, with the results shown in the 
table: 

Velvet beans compared with other southern feeds for steers 
Av. daily Feed cost of 

Average ration per 1,000 lbs. of steer gain 100 lbs. gain 
Lbs. Dollars 

Lot I 
Corn, 80 Ibs. 
Velvet beans in pod, 12.0 lbs. Cottonseed hulls, 10.0 Ibs..... . 2.9 TOO 

Lot II 
Corn, 10.5 Ibs. 
Cottonseed meal, 3.8 lbs. Crab-grass hay, 13.5 Ibs.. ....... 2.6 9.07 

Lot III 
Corn, 6.0 lbs. Cottonseed hulls, 14.0 lbs. 
Cottonseed meal, 5.0 lbs. Sorghum silage, 20.0 lbs........ 2.7 10.65 

Lot IV 
Cottonseed meal, 6.5 Ibs. Cottonseed hulls, 25.0 Ibs........ 1.9 12.00 

It is shown that the steers getting 12 lbs. of velvet beans in the pod 
per 1,000 lbs. of live weight, together with corn and cottonseed hulls, 

made the high average gain of 2.9 lbs. daily for 84 days. While all gains 
were satisfactory, those of the steers fed velvet beans were the largest 
and cheapest. (361) 

III. Legume Hay Anp OTHER Dry RoUGHAGES 

761. Value of legume hay.—The great importance of hay from the 
legumes in balancing the carbonaceous grains, such as corn, barley, and 
wheat, has already been pointed out. (732) On account of their richness 
in protein and also because of their palatability, the legume hays are 
the most valuable of dry roughages. Even when a ration of corn and 

such carbonaceous roughages as timothy hay, prairie hay, or corn fodder 
is properly supplemented by linseed or cottonseed meal or some other 

protein-rich concentrate, smaller gains will nearly always be produced 
than when the ration consists of corn and legume hay. This is shown 

in the following table, which summarizes the results secured in 4 trials 

in which 2-yr.-old 942-lb. steers were fed for periods averaging 158 days: 

SHandb. Ernahr. u. Futter., II, 1909, p. 241. 

Wa. Bul. 102. 
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Legume hay vs. carbonaceous roughage plus nitrogenous supplement 
Daily Feed for 100 lbs. gain 

Average ration gain Concentrates Roughage 
Lbs. Lbs. Lbs. 

Lot I, total of 40 steers* 
Legume hay, 9.3 lbs. Corn, 17.9 lbs............... 2:3 778 405 

Lot II, total of 42 steers* 
Carbonaceous roughage 8.0 lbs. Corn, 16.4 lbs. 
Up plement 22M DSie eat heels a oh dts se os 2.0 916 387 

*Av. of 1 trial by Bliss and Lee (Nebr. Bul. 151), 1 by Mumford (Ill. Bul. 83), 1 by Skinner and Cochel 
(Ind. Bul. 115), and 1 by Smith (Nebr. Bul. 90). 

Lot I, fed legume hay and corn, gained on the average 0.3 lb. more 

per head daily and required 15.1 per et. less concentrates and about the 
same amount of roughage as Lot II, fed the equally well-balanced but 
less palatable ration in which the roughage was prairie hay, timothy 
hay, or corn stover with a small amount of oat straw. Only when silage, 
appetizing as well as nutritious, is fed is it possible to provide a ration 
which will be equal to one where the roughage is lezume hay. (775) 

Waters®’ points out that where cattle are being fattened on corn, the 

use of legume hay instead of hay from timothy, millet, or sorghum, or 
such roughages as corn stover and straw, results in the following 
advantages : 

. Increased gains by the cattle. 
. Increased selling price of the cattle due to extra bloom. 
. Increased gains by hogs following the steers. 
. Increased fertility of the land where the feeding operations are conducted. 
. The better condition of the fields on which the leguminous crops are grown. Cum Co bo 

762. Legume hay plus carbonaceous roughage.—Even on farms where 
large areas of legumes are raised for hay much carbonaceous roughage, 

such as corn and sorghum stover, straw, and hay from the grasses, is 
normally produced in addition. In economical beef production these 
roughages should be wisely and fully utilized, for while they do not equal 
legume hay in nutrients or palatability, when judiciously combined with 
it satisfactory and cheap gains may be secured. This is shown in a 
116-day trial by Snyder at the North Platte, Nebraska, Substation®® in 
which 5 lots, each of 20 good grade steer calves averaging about 425 Ibs., 

were wintered on 2 lbs. of a mixture of 2 parts corn and 1 part oats, 
with the roughages shown in the table: 

Value of legume hay combined with carbonaceous roughages 
Av. daily Feed for 100 lbs. gain 

Average daily roughage allowance gain Concentrates Roughage 

Lbs. Lbs. Lbs. 

orig Aliaita syed ADSi. 21 a cles< nis <ise e's +s 1.2 162 1,000 
or bi Sore numba V4: Sissies cee oe cheese 0.4 504 3,666 
Lot IIT, Alf. hay, 8.5 lbs. Sorghum hay, 8.5 lbs. 1.2 165 1,416 
or hVeperalnienhayag OOM sacs. acne co 0.7 305 1,676 
Lot V, Alfalfa hay, 7.5 lbs. Prairie hay, 7.5 lbs. etl 174 1,315 

Mo. Bul. 76. * Nebr. Bul. 105. 
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When fed as the only roughage sorghum hay produced unsatisfactory 

gains, but when the roughage allowance was half sorghum and half 

alfalfa, the gains were as rapid as those made by Lot I, fed alfalfa only. 

Likewise Lot IV, fed prairie hay, made much poorer gains than Lot I, 

while Lot V, fed half prairie hay and half alfalfa made satisfactory gains 

for ealves being carried over winter. In all cases the gains on the rations 

containing alfalfa were made with a surprisingly small amount of feed. 

The good results from combining legume hay with carbonaceous rough- 

age are further shown in a trial by Waters at the Missouri Station.°° 

Two-yr.-old steers fed timothy hay and corn made much smaller gains 

than those fed clover hay and corn. However, on clover hay, corn stover, 

and corn, as large gains were produced as when clover hay was the sole 

roughage. 

Smith reports that cattle full fed on corn with alfalfa as the only 

roughage are more subject to scours, which cause them to go off feed, 

than when some such carbonaceous roughage as prairie hay, sorghum 

hay, or corn stover is fed with the alfalfa. 

763. Legume hay with cottonseed meal.—Since legume hay is rich in 

protein it should not be fed as the chief roughage with cottonseed meal, 

which is itself so rich in this nutrient. Craig and Marshall found in 

trials at the Texas Station®™ that steers fed 5 lbs. of cottonseed meal and 

2.8 lbs. rice bran per head daily with peanut hay developed looseness of 

the bowels and showed redness of the eyes and some swelling about the 

sheath; when changed to prairie hay the unfavorable symptoms disap- 

peared and the gains increased. Similar poor results were secured when 

alfalfa hay was fed with cottonseed meal. When shelled corn was sub- 

stituted for a part of the cottonseed meal, gains became normal. Legume 

hay serves its highest purpose when combined with such carbonaceous 

concentrates as corn, kafir, and milo. Where cottonseed meal is the chief 

concentrate leguminous roughages should be fed in limited amount, at 

most, along with such carbohydrate-rich roughages as forage from corn 

or the sorghums, or cottonseed hulls. 

764. Clover hay.—The value of this standard roughage of the eastern 

corn belt compared with timothy hay, when both are fed with corn, is 

shown in the following table. This summarizes the results of a 180-day 

trial by Skinner and Cochel at the Indiana Station®’ and a 105-day trial 

by Waters at the Missouri Station,** both with 2-yr.-old steers: 

Clover hay and shelled corn compared with timothy hay and shelled corn 

Daily Feed for 100 lbs. gain 
Average ration gain Corn Hay 

Lbs. Lbs. Lbs. 

Lot I, Clover hay, 9.8 lbs. Shelled corn, 21.5 Ibs.... 2.4 919 416 

Lot [1, Timothy hay, 6.4 lbs. Shelled corn, 18.8 Ibs.... 1.8 1,086 380 

~Mo. Bul. 76. SMNexe Bulls 16: %Mo. Bul. 76. 

“Webr. Bul. 116. Ind. Bul: 129: 
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In both trials the clover-fed lot ate more grain and roughage than 

Lot II, fed timothy, and made larger and more economical gains, requir- 
ing about 15.4 per ect. less corn for a given increase. Skinner and Cochel 
report that thruout the experiment the clover-fed steers were in better 
condition, had better appetites, and were more regular feeders. The 
timothy-fed steers were irregular in their appetites, and even when eat- 
ing a full feed seemed unsatisfied. At the close of the 6-months feeding 
period the average weight of the clover-fed steers was 1,373 lbs., and 
that of the timothy-fed steers 1,281 lbs. Waters found that corn was 
worth about 8 cents per bushel more when fed with clover or cowpea 
hay to fattening steers than when fed with timothy hay. (312, 347) 

765. Clover vs. alfalfa hay.—In 2 trials at the Indiana Station 
Skinner and King compared the value of clover and alfalfa hay when 
fed either with shelled corn and 2.5 lbs. of cottonseed meal daily per 
1,000 Ibs. live weight or with the same feeds and an unlimited amount 
of corn silage. When fed without silage, clover hay made slightly 
larger gains and with slightly less feed per 100 lbs. gain than alfalfa 
hay. With corn silage, the results were reversed. We may therefore 
conclude that these hays have about equal value when fed in such 
rations. It should be pointed out, however, that all of these rations con- 

tained sufficient cottonseed meal to balance the ration fairly well without 

the legume hay. Since alfalfa hay is considerably richer than clover hay 
in protein, it is reasonable to hold that it is more efficient than clover in 
balancing a ration deficient in this nutrient. This view is substantiated 
in a trial by Wilson at the South Dakota Station® in which yearling 
steers fed only alfalfa hay and corn silage during the first 91 days of 
the fattening period gained 2.5 lbs. per head daily, while others fed 
clover hay and silage gained only 2.3 Ibs. and required more feed per 
100 Ibs. of gain. 

766. Alfalfa hay as a nitrogenous supplement.—The value of alfalfa 
hay as a supplement to rations low in protein is shown in a series of 5 
trials by Bliss at the Nebraska Station.*® Yearlings or 2-yr.-old steers 
were fed rations of corn and carbonaceous roughage (prairie hay, corn 

stover, or corn silage) to which were added quantities of alfalfa hay, 
linseed meal, cottonseed meal, and cold-pressed cottonseed cake, supply- 
ing approximately equal amounts of protein. In these trials the lots fed 
alfalfa hay as the sole nitrogenous supplement made, on the average, 
the largest gains and reached the best finish, a fact of great importance 
to the corn-belt farmer who can grow this legume. (339) 

767. Alfalfa with and without silage—The results of 4 trials in which 

a ration of alfalfa hay and corn has been compared with one of alfalfa 
hay, corn silage, and corn are summarized in the following table. In 
these trials 2-yr.-old steers averaging 945 lbs. were fed for periods rang- 
ing from 150 to 157 days. 

“Ind. Bul. 178; information to the authors. “Nebr. Buls. 100, 116, 132. 

oS) Buly 160: 
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Alfalfa with and without silage for fattening steers 
Daily Feed for 100 lbs. gain 

Average ration gain Corn Hay Silage 

Lbs. Lbs. Lbs. Lbs. 

Lot I, total of 30 steers* 
Alfalfa hay, 8.3 lbs. Corn, 16.4 lbs.f.... 2.1 770 391 

Lot IT, total of 49 steers* 
Alfalfa hay, 3.9 lbs. 
Corn silage, 20.6 lbs. Corn, 14.7 Ibs.f.... 1.9 761 200 ~=—- 11,070 

*A verage of 2 trials by Bliss and Lee (Nebr. Bul. 151), 1 by Lee at the Nebr. Station (Information to 
the authors), and 1 by Rusk at the Ill. Station (Breeder’s Gaz., 61, 1912, p. 1041). 

+ Broken ear corn fed in Illinois trial reduced to shelled corn equiv ralent. 

The addition of corn silage to the excellent ration of alfalfa hay and 
corn decreased rather than increased the gains. We might suppose that 

this was due to Lot II not eating sufficient alfalfa to balance their ration. 
However, at both the Nebraska and the Illinois Stations adding cotton- 

seed meal or cake to the ration fed Lot II, brought no larger gains. 
The relative economy of the rations fed Lot I and Lot II will depend 
on the cost of alfalfa and silage. In the Nebraska trials the cheaper 
gains were produced without silage. On the other hand, Rusk concludes 
that in Illinois the larger the proportion of silage to alfalfa, the cheaper 
will be the gain. 

768, Fattening cattle on alfalfa and other roughage.—In some sections 
of the West where alfalfa is abundant and the market does not pay a 
higher price for a well finished animal than for one in only fair flesh, 
cattle are fed on alfalfa alone or alfalfa and other roughages without 
concentrates, when they are not marketed directly from the range. To 

determine whether it would be profitable to feed a limited allowance 
of corn in addition to alfalfa, either thruout the feeding period or for the 

last part only, Simpson fed yearling range steers as shown below for 90 

days at the New Mexico Station.* 

Alfalfa alone, vs. alfalfa and corn stover, vs. alfalfa and corn 
Daily Feed cost per 
gain 100 lbs. gain 

Lbs. Dollars 

Alfalfa‘alones 222. 2620 ot ctujei s+. AO. chee eo urepeeeeteon Peeper 1.84 3.92 
‘Alfalfa plus’ corn: StoVveri.. Gee none cae see ie eels hee een ene el, 4.01 
Alfalfa plus 8 Ibs:corn meal per.day = ..4,-aigiudewe ne pteiee oc 2.58 7.33 
Alfalfa plus corn during last 30 days...........2.26-:.4- 2.06 5.55 

The steers fed alfalfa alone made larger gains than those fed alfalfa 
and corn stover, and were in much better condition at the end of the 
trial. Those fed corn, either thruout the trial or during only the last 
month made better gains than those fed hay alone, but under New 
Mexico conditions the gains were much more expensive, with corn at 
#35 and alfalfa hay at $10 per ton. In a trial by Vernon and Scott 

at the same Station®® 2-yr.-old range steers averaging 550 Ibs. gained 1.7 

*'N. Mex. Rpt. 21, p. 32. *N. Mex. Bul. 57. 
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lbs. per head daily on alfalfa hay alone, making a total gain of 205 Ibs. 
per steer, and requiring only 1,100 lbs. of alfalfa hay per 100 lbs. of 
gain. This shows the marked economy of alfalfa for feeding steers for 
the local markets in the western alfalfa districts. 

True and McConnell of the Arizona Station,® after 6 feeding trials, 
conclude that, where no concentrates are fed, alfalfa hay alone is about 
equal in feeding value to alfalfa hay combined with such carbonaceous 
roughages as corn, kafir, and sweet sorghum. Where water is abundant 
alfalfa hay is cheaper than the other roughages, but where it is in scant 
supply or the soil is excessively alkaline, kafir and the sweet sorghums 
form economical roughages in combination with alfalfa. 

769. Sweet clover hay; cowpea hay.—When fed with corn silage and 

without concentrates to yearling steers during the first 91 days of fat- 
tening, Wilson of the South Dakota Station*® found sweet clover hay 
practically equal to alfalfa hay. The steers in both lots made average 
daily gains of over 2.4 lbs. Some difficulty was experienced in getting 
the steers to eat the sweet clover hay until it was run thru a hay 
eutter. (352) 

Waters found cowpea hay fully equal to clover hay when fed with 
shelled corn in a trial at the Missouri Station”! in which 2-yr.-old steers 
were fed for 105 days, the average daily gain for both lots being 2.7 
Ibs. (357) 

770. Grazing cowpeas and corn.—Bennett of the Arkansas Station” 
sowed cowpeas in a five-acre corn field. In October, after gathering 
the corn, steers were turned into a portion of the field to graze on the 
corn forage and cowpeas, with cotton seed accessible. When one-third 
of the field was grazed off, another portion was set aside, and so on until 
it was all grazed over. Six steers averaging 770 lbs. when turned into 
the field made an average daily gain of 2 lbs. each for 64 days, con- 

suming 250 lbs. of cotton seed in that time, besides corn forage and 
pea vines with pods. Bennett states that allowing for all expenses the 
gains made by the steers cost but $1.60 per 100 lbs. Such practice tends 
to soil improvement as well as cheap meat production. 

771. Corn fodder or shock corn; stover.—It has already been pointed 

out that shock corn is often the most economical way to supply corn to 

fattening steers, especially during the first part of the fattening period. 
(735) As is shown later, fattening cattle fed bright corn fodder with 
legume hay, may make practically as large gains as those fed silage. 

(780) The economy of feeding silage les in the smaller amount of feed 
required per 100 lbs. gain. (295, 302) 

The value of corn stover when combined with legume hay is shown 
in 2 trials by Smith at the Nebraska Station” in which lots of ten 2-yr.- 
old range steers, averaging 957 lbs., were fed the following rations: 

® Ariz. Bul. 50. “Mo. Bul. 76. “Nebr. Buls. 90, 93, 100. 
2S. D. Bul. 160. ? Ark. Rpt. 1899. 
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Corn stover fed in combination with alfalfa hay to fattening steers 
Daily Feed for 100 lbs. gain 

Average ration ain Corn Roughage 
bs. Lbs. Lbs. 

Trial lasting 84 days 
Lot I, Alfalfa han 22.2)\bs.., Gorn; 9:5 lbs... 2..) 2.1 460 1,075 
Lot I ja Corn stover, 11.2 lbs. 

Alfalfa hay, 11.2 Ibs. Corn, 9.6 Ibs........ 2.0 490 1,144 
Trial lasting 168 days 

Lot I, Alfalfa hay, 9.2 lbs. Corn, 18.6 Ibs....... 2.3 814 402 
Lot IT, Alfalfa hay, 4.9 Ibs. 

Corn stover, 4.9 lbs. Corn, 18.4 lbs....... 2.4 789 456 

Replacing half the alfalfa hay by corn stover did not affect the rate 
of gain in these trials. Thru thus combining such cheap roughage as 

corn stover with legume hay the cost of beef production may often be 
materially lowered. In these trials there is brought out incidentally 

the interesting fact that the short-fed steers required less than 500 Ibs. 

of corn for 100 lbs. of gain, while the long-fed steers, which were of 
course much better fattened, required 800 lbs. of corn for 100 lbs. of 

gain—69 per et. more than the short-fed steers. (715) 
772. Roughages for the plains district—In the semi-arid districts 

fodder and stover from the sorghums, both sweet sorghum and the grain 

sorghums, are most useful feeds in beef production, when fed with 
legume hay or with a sufficient amount of nitrogenous concentrates to 
balance the ration. At the Hays, Kansas, Station’ Cochel wintered 

4 lots each of 25 yearling heifers, averaging 667 lbs., on the following 

roughages with 1 lb. of linseed meal per head daily: 

Wintering yearling heifers in western Kansas 
Daily Cost per 

Average roughage allowance gain head daily* 
Lbs. Cents 

I, Kafir stover, 12.9 Ibs. Silage, 10 lbs. Straw, 2.6 Ibs... 0.69 5.8 
IT, Sorghum stover, 6.6 Ibs. Silage, 10 Ibs. Straw, 2.6 lbs... 0.67 Om 
TT, Sudan hay, 7.5 lbs. Silage, 10 Ibs. Straw, 2.6 Ibs..... 0.67 iad 
IV, Alfalfa hay, 8.2 Ibs. Silage, 10 lbs. Straw, 2.6 lbs..... 0.66 6.3 

*Kafir and sorghum stover, $3, Sudan hay, $5, damaged alfalfa hay, $6, silage, $3, straw, $0.50, and 
linseed meal, $30.80 per ton. 

These heifers were carried thru the winter, making satisfactory gains 
to put them into condition to make good use of pasture the next sum- 

mer, at a surprisingly low cost. (The figures given include expenses 
for both feed and labor.) The alfalfa hay had been damaged and was 

therefore not marketable. This trial well shows the possibilities in beef 
production, where wise use is made of by-product roughages which 
would be wasted in a system of grain farming. (308) 

773. Cottonseed hulls—For many years the standard ration for fat- 
tening cattle in the South was cottonseed meal and cottonseed hulls. 
This combination has been compared with a ration of cottonseed meal 

“Kansas Industrialist, May 1, 1915. 
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and corn silage in 8 trials averaging 110 days, at 4 different stations, 
with the results summarized in the table: 

Cottonseed hulls vs. corn silage for fattening steers 
Feed for 100 lbs. gain Feed cost 

A Initial Daily Cottonseed Hulls or of 100 
Average ration weight gain meal silage lbs. gain 

Lbs. Lbs. Lbs. Lbs. Dollars 

Lot I, total of 121 steers* 
Cottonseed hulls, 25.2 lbs. 

Cottonseed meal, 6.9 Ibs.... 924 is) 466 1,690 12.78 

Lot II, total of 111 steers* 
Corn silage, 42.0 lbs. 

Cottonseed meal, 6.9 Ibs.... 927 iL SZ 439 2,574 10.72 

*Average of 4 trials by Curtis (N. C. Buls. 199, 218, 222), 1 by Lloyd (Miss. Station, information to the 
authors), 1 by Smith (S. C. Bul. 169), and 2 by Willson (Tenn. Bul. 104). 

In these trials the steers fed silage usually made slightly larger gains 

than those receiving hulls, but the chief difference was that with a single 
exception the silage-fed lot made by far the cheaper gains. As has 
already been shown (750), the longer the feeding period, the greater 
is the superiority of silage over hulls. In these trials the silage-fed steers 
almost uniformly showed better finish and better handling quality than 
those fed hulls. Willson points out that cottonseed hulls are so success- 
fully fed that there is a tendency on the part of many southern farmers 

to purchase hulls and allow more valuable roughage to waste on the 
farms. 

Willson reports that when 6 lbs. of hulls were given per head daily 
with corn silage to steers fed cottonseed meal, slightly larger gains were 
produced than with corn silage as the sole roughage. On the other hand, 
in 3 trials at the North Carolina Station’ Curtis found that on the 
average steers fed corn silage as the sole roughage with 7.5 lbs. of 
cottonseed meal per head daily made slightly larger gains than others 
fed corn stover in addition to corn silage and the same allowance of 
cottonseed meal. Whether silage should be fed as the sole roughage 
with cottonseed meal will therefore depend on the price at which dry 
roughages are available. Silage from sweet sorghum or the grain sor- 
ghums is but little inferior to corn silage as a roughage for steers fed 
cottonseed meal. (782) Compared with other dry roughages cottonseed 
hulls are exceedingly well suited to feed with cottonseed meal. Gray 

and Ward‘ found in an Alabama trial with 855-lb. steers that when fed 
with cottonseed meal cottonseed hulls produced better gains than a 
combination of Johnson grass hay and cottonseed hulls. Duggar and 
Ward report that 2-yr.-old steers fed cottonseed meal and hulls made 
larger gains than others fed cottonseed meal with either shredded corn 

stover or cut sorghum hay. At the Texas Station*® Craig found that 
yearling steers fed cottonseed meal and hulls made nearly as large gains 
as those fed corn-and-cob meal and alfalfa hay. 

™N. C. Bul. 222. ™ Ala, Bul. 103. 
™U. S. Dept. Agr., Bur. Anim. Indus., Bul. 159. ™ Tex. Bul. 76. 
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In a 119-day trial with 1250-lb. steers at the Kentucky Station’? Good 
found that slightly larger gains were produced on a ration of 21.3 lbs. 

broken ear corn, 3.0 lbs. cottonseed meal, 4.7 lbs. cottonseed hulls, and 
4.3 lbs. clover hay than when the steers were fed the same feeds and all 

the corn silage they would consume. The silage ration, however, pro- 

duced the cheaper gains, and returned a greater profit. The great 
value and usefulness of corn silage in combination with cottonseed 
meal for fattening cattle, as demonstrated by the experiment stations 
of the South, should greatly stimulate cattle rearing and fattening in 
the cotton belt. 

Ill. SuccuLent FEEDS 

774, Importance of silage in beef productionThe use of silage is 
fast revolutionizing the feeding of beef cattle, just as it has the feeding 
of milch cows in the leading dairy sections of our country. Wherever 

either corn or the sorghums thrive, silage from these crops, cut when 
well matured, has proven of great value in cheapening the cost of 

beef production. (411) As is shown later (788-90), breeding cows and 
stock cattle may be maintained in winter in good condition on silage 
from well-matured corn or the sorghums, with a lmited amount of 

legume hay or a small allowance of such nitrogenous concentrates as 

cottonseed or linseed meal. For growing animals this palatable suc- 
culence can not be excelled, when fed in proper combination with legume 

hay or concentrates rich in protein. (798-9) 
On well-balanced rations in which silage is the chief roughage the 

steer will fatten rapidly and reach a high finish on a moderate allow- 
ance of expensive concentrates. By feeding, during the first stages 
of fattening, only silage and either legume hay or a small allowance of 

some nitrogenous concentrate to balance the ration, the feed cost of 
the gains may usually be still further reduced. At first it was thought 
that silage-fed cattle shrank more in shipment than those finished on 
dry roughage. Trials have now abundantly demonstrated, however, 

that if silage is withheld for the last day or two before shipment and 
dry roughage fed instead, cattle thus fattened will not shrink any more 
than those receiving no silage. 

775, Corn silage.—Silage from well-matured corn, carrying an abund- 
ance of ears, is the best of all silage for beef cattle. (300-4) Such silage 
carries a high proportion of grain and aids materially in reducing the 
amount of concentrates which need be supplied in addition. Many ex- 
perienced cattle feeders prefer silage from corn which is even more 

mature than the stage at which it is usually cut for dairy cattle. When 
the corn is cut when nearly mature, especial care must be taken in tramp- 
ing the silage, or it may mold. To show the good results from feeding 
corn silage there are summarized in the following table the results of 10 
trials where corn silage was added to the already excellent ration of 

Information to the authors. 
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shelled corn, cottonseed or linseed meal, and clover or alfalfa hay. In 
these trials 2-yr.-old steers averaging 1,006 lbs. in weight were fed for an 
average of 162 days. 

Value of corn silage when added to an already excellent ration 

Feed for 100 lbs. gain Feed cost 
: Daily Concen- of 100 

Average ration gain trates Hay Silage Ibs. gain 
Lbs. Lbs. Lbs. Lbs. Dollars 

Lot I, total of 105 steers* 
Legume hay, 10.7 lbs. 

Shelled corn, 18.0 lbs. 
Supplement, 2.8 lbs....... 2.47 849 435 is: 11.56 

Lot II, total of 105 steers* 
Corn silage, 23.6 Ibs. 
Legume hay, 3.8 lbs. 

Shelled corn, 15.0 lbs. ‘ 
Supplement, 2.9 Ibs....... 2.51 716 152 952 10.18 

*Average of 8 trials by Skinner, Cochel, and King (Ind. Buls. 129, 136, 153, 163, 167, 178, and informa- 
tion to the authors), 1 by Allison (Mo. Bul. 112), and 1 by Evvard at the Iowa Station (Breeder’s Gaz., 61, 
1912, p. 1040). 

The steers in Lot II, given a heavy allowance of silage, consumed 
23.6 lbs. per head daily and ate 3 lbs. less corn and 6.9 lbs. less legume 
hay than those in Lot I. The silage ration did not produce appreciably 
larger gains than did legume hay fed as the sole roughage. The prin- 
cipal advantage from feeding silage is shown in the feed required per 
100 Ibs. gain and in the feed cost of the gains. The 952 lbs. of silage 

eaten by Lot II per 100 lbs. gain saved 133 lbs. of concentrates and 
283 Ibs. of legume hay, or about 16 per ct. of the concentrates and 65 
per ct. of the hay eaten by Lot I. Substituting silage for this amount 
of concentrates and hay reduced the feed cost of the gains $1.38 per 100 
lbs., a sum which would often make the difference between feeding at 
a loss and making a goodly profit. The silage-fed steers were slightly 

better finished on the average and sold for 3 cents more per 100 lbs. 
than those fed no silage. 

776. Feeding a supplement with unlimited silage allowance.—We have 
seen that a ration of corn and legume hay is fairly well balanced and 
that the addition of a nitrogenous concentrate does not greatly increase 
the rate of gain with 2-yr.-old steers. (733) When steers are allowed 
an unlimited allowance of silage in addition to corn and legume hay, 
owing to the great palatability of the silage they will generally eat 
but 3 to 6 Ibs. of hay per head daily. To determine whether this small 

amount of clover hay is sufficient to balance the large quantity of corn 
and corn silage consumed, Skinner and Cochel conducted 2 trials at the 
Indiana Station® and Allison 1 at the Missouri Station®! with 2-yr.-old, 
1035-lb. steers fed for an average of 153 days. j 

Ind. Bul. 129. Mo. Bul. 112. 
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Adding a nitrogenous supplement to corn, corn silage, and clover hay 
Feed for 100 lbs. gain Feed cost 

; : Daily Concen- of 100 
Averege ration ain trates Hay Silag Ibs. gain 

bs. Lbs. Lbs. Lbs. Dollars 

Lot I 
Shelled corn, 16.7 lbs. 

Corn silage, 17.0 Ibs. 
Clover hay, 4.2 lbs........ 2.0 852 215 855 9.05 

Lot If 
Nitrogenous supplement, 2.8 Ibs. 
Shelled corn, 17.3 lbs. 

Corn silage, 17.3 lbs. 
Clover hay, 4.2 lbs........ 2.8 722 151 610 7.95 

The steers in Lot II, fed 2.8 lbs. of nitrogenous supplement (cotton- 
seed or linseed meal) in addition to shelled corn, corn silage, and 

clover hay, gained 0.8 lb. more per head daily than Lot I, receiving 
no supplement. The feed cost of 100 Ibs. gain for Lot II was $1.10 
lower than for Lot I, and furthermore Lot II sold for 30 cents per 100 
Ibs. more on account of better finish. The nutritive ratio of the rations 
fed Lot I in these trials was 1:9 or wider, while with Lot II it was 1:7 

or narrower. These trials hence indicate that for the most rapid 
fattening the 2-yr.-old steer should receive a narrower nutritive ratio 

than: Wied. 
There appears to be less advantage in adding a nitrogenous concen- 

trate to a ration of corn, corn silage, and alfalfa hay, doubtless due 

to the richness of this hay in protein. Bliss and Lee have studied 
this problem in 2 trials at the Nebraska Station’? and Rusk in 1 trial 
at the Illinois Station.’ In no trial did the addition of a supple- 
ment (cottonseed meal or cold-pressed cake) increase the gains. The 
use of the supplement did, however, result in better finish and a con- 
sequent higher selling price. When a carbonaceous roughage, such as 
prairie or timothy hay, corn or kafir fodder, or straw, is fed with corn 
and corn silage the need of a nitrogenous supplement will be greater 

than when clover hay is used. 

"77. Amount of nitrogenous supplement with silage—To determine 

how much cottonseed meal should be given to 2-yr.-old steers full fed 

on shelled corn, corn silage and clover hay, Skinner and King fed one 

lot of 10 steers 2.5 Ibs. of cottonseed meal daily per 1,000 Ibs. live 
weight and another lot 1.25 lbs. daily in 2 trials at the Indiana Sta- 
tion,** lasting 150 and 160 days. Two similar trials lasting 175 and 

180 days, were conducted® to determine whether it was more profitable 

to feed 2.5 or 4.0 lbs. of cottonseed meal daily per 1,000 Ibs. live weight 

to steers fed shelled corn, corn silage, and oat straw, with the results 

shown in the table: 

®Nebr. Bul. 151 and information to the authors. Ind seule lbs: 

®3Breeder’s Gaz., 61, 1912, p. 1041, SANG PBULS lO tewels. 
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Amount of cottonsced meal to feed with corn and corn silage 
Feed for 100 lbs. gain Nutri- 

Daily allowance of cottonseed meal Initial Daily Concen- Dry Silace tive 
per 1,000 lbs. live weight weight gain trates roughage & ratio 

Lbs. Lbs. Lbs. Lbs. Lbs. 

With clover hay and silage 
Lot I 

Cottonseed meal, 2.5 Ibs..... 1,011 2.6 760 261 Cayaly eh Bah ez/ 
Lot II 

Cottonseed meal, 1.25 lbs.... 1,004 Eo 792 280 714 1:7.9 

With oat straw and silage 
Lot I 
e Cottonseed meal, 2.5 Ibs..... 908 2.5 676 30 O62 ta 70 

ot IT 
Cottonseed meal, 4.0 Ibs..... 904 2.4 707 350 O72 le oeG 

With corn silage and clover hay for roughage, 1.25 Ibs. of cottonseed 

meal daily per 1,000 lbs. live weight (the ration having a nutritive 
ratio of 1:7.9) was not sufficient to balance the ration, as is shown 
by the larger and more economical gains of the steers fed 2.5 lbs. (this 
ration having a nutritive ratio of 1:6.7). The second division of the 
table shows that with corn silage and oat straw for roughage, 2.5 Ibs. 
of cottonseed meal daily per 1,000 lbs. live weight (the nutritive ratio 
being 1:7.0) produced larger and more economical gains than the allow- 

ance of 4 lbs. (the nutritive ratio of the latter ration being 1:5.6). The 
steers fed the smaller allowance were also equally well finished at the 
end of the trials. 

778. Silage as the sole roughage——Whether steers fed silage alone for 
roughage will make as large gains as those supplied some dry roughage 
in addition, is a question of great importance to the cattle feeder. The 
following table summarizes the results of 9 trials, in each of which 
corn silage was fed as the sole roughage with corn and a nitrogenous 
supplement (cottonseed or linseed meal) to one lot of steers, while 
another received the same feeds with legume hay in addition. In these 
trials 2-yr.-old steers averaging 942 lbs. were fed for an average of 156 

days. 

Silage as the sole roughage vs. silage and legume hay 

: Daily, Feed consumed for 100 Ibs. gain Heed cost 

Average ration gain Concentrates Hay Silage lbs. gain 
Lbs. Lbs. Lbs. Lbs. Dollars 

Lot I, total of 87 steers* 
Corn silage, 29.2 lbs. 

Corn, 13.5 lbs. 
Supplement, 2.7 Ibs. 2.24 693 nea 1,283 9.13 

Lot II, total of 87 steers* 
Legume hay, 4.3 lbs. 
Corn silage, 24.3 lbs. 

Corn, 13.8 Ibs. 
Supplement, 2.7 Ibs. 2.36 701 195 1,065 9.87 

*Ayv. of 5 trials by Skinner, Cochel, and King (Ind. Buls. 136, 153, 163, 167), 1 by Allison (Mo. Bul. 112), 
1 by Evvard at the Iowa Station (Breeder’s Gaz., 61, 1912, p. 1040), 1 by Rusk at the Ill. Station (Breeder’s 
Gaz., 61, 1912, p. 1041), and 1 by Tomhave and Hickman (Penn. Bul. 133). 
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Lot II, receiving legume hay in addition to corn silage, made slightly 
larger gains than Lot I, which was fed no dry roughage. The addition 
of clover hay to the ration increased the feed cost of 100 lbs. gain by 
$0.74 on the average but resulted in slightly better finish, the steers in 

Lot II selling for 7 cents more per 100 lbs. than those in Lot I. In 
some of the trials the selling price of Lot II was enough higher 
to offset the more expensive gains, and return a greater profit. In 
others, feeding silage as the only roughage was the most economical. 
Where the silage was from corn which had nearly matured and hence 

was high in dry matter, the addition of dry roughage did not always 
increase the gains. 

As steers fed clover hay in addition to corn silage, ate but little hay, 

Skinner and King thought that possibly the benefit from the hay 
lay more in satisfying the appetites of the steers for dry roughage 

than in the nutrients actually supplied. Accordingly, they conducted 
2 trials*® in which either clover hay or oat straw was fed with corn 

silage, shelled corn, and 2.5 Ibs. of cottonseed meal daily per 1,000 
lbs. live weight. In both trials, tho the steers ate an average of but 
1.5 lbs. oat straw, this seemed to satisfy their desire for dry roughage, 
and they made as large gains, at less cost for feed, and sold for fully 

as high a price as those fed clover hay. It should be pointed out that 

these results would not have been secured had not sufficient cotton- 
seed meal been fed to balance the oat straw, corn silage, and corn 
ration. 

In a trial at the Nebraska Station®’ Bliss and Lee found that adding 
4.0 lbs. of prairie hay per head daily to a ration of corn silage, corn, 

and cold-pressed cottonseed cake, while not increasing the gains of 
2-yr.-old steers, did decrease the feed cost of the gains and result 
in better finish and greater profit. In a similar trial at the South 
Dakota Station®* Wilson secured larger and cheaper gains with yearling 
steers when prairie hay was added to a ration of corn silage, shelled 
corn, and linseed meal. 

These extensive trials teach that steers will usually make larger 
gains and reach a higher finish when fed a small amount of dry rough- 
age in addition to silage. An important fact is that this dry roughage 
may consist of such cheap material as oat straw, rather than the far 
more expensive legume hay, when a nitrogenous concentrate is fed to 

balance the ration. 
779, Restricting concentrates during first stages of fattening.—lIt has 

already been pointed out that it is often profitable to feed only rough- 
ages during the first few weeks of the fattening period, with 2 or 3 
Ibs. of some nitrogenous concentrate, if needed, to balance the ration. 
(716) Especially good results are secured with this system where the 
chief roughage is silage from well-eared corn. At the Kentucky Sta- 
tion in a 159-day trial Good®® fed a lot of ten 1062-Ib. steers receiving 

sind. Buls. 1638, 167. 2S Ds Bulilote 

8™Nebr. Bul. 151. “Information to the authors. 



FEEDS FOR FATTENING CATTLE 479 

corn silage and cottonseed hulls for roughage, broken ear corn and 
cottonseed meal, while a second lot, otherwise fed the same, was fed no 
eorn for the first 2 months, and thereafter shelled corn. 

Cheapening gains by limiting concentrates during first of 
fattening period 

Feed for 100 lbs. gain Feed cost 
Daily Concen- C’ seed Corn of 100 

Average ration gain trates hulls silage Ibs. gain 
Lbs. Lbs. Lbs. Lbs. Lbs. 

Lot I, corn thruout trial 
Broken ear corn, 13.6 lbs. 
Cottonseed meal, 3.4 Ibs. 

Corn silage, 22.6 lbs. 
Cottonseed hulls, 3.7 Ibs......... 2.0 866 188 1,150 13.12 

Lot II, no corn for first 2 mo. 
Shelled corn, 7.0 lbs. 
Cottonseed meal, 4.0 lbs. 

Corn silage, 36.3 lbs. 
Cottonseed hulls, 4.3 lbs......... 2.4 472 182 1,541 10 .43 

In this trial the gains of Lot II, fed no corn during the first 2 
months, were not only considerably cheaper, but also somewhat larger 
than those of Lot I, fed corn from the beginning of the trial. The 
eause of the larger gains of Lot IJ, which received less corn, is prob- 
ably to be found in the fact that, as has already been mentioned, (736) 
shelled corn gives somewhat better results with corn silage than does 
ear corn. 

780. Silage with small concentrate allowance.—To determine the gain 
made by yearling steers fed corn silage as the sole roughage and only 
a small allowance of concentrates, Wilson®® fed 3 lots each of four 
648-lb. steers the rations shown in the table for 146 days at the South 

Dakota Station : 

Fattening steers on silage with a small concentrate allowance 
Feed for 100 lbs. gain Feed 

Daily Concen- Corn cost of 100 
gain trates silage lbs. gain. 

Average ration Lbs. Lbs. Lbs. Dollars 

I, Linseed meal, 3.0 lbs. Silage, 48.8 Ibs....... 2.4 120 1,970 5 .86 
II, Cottonseed meal, 3.0 lbs. Silage, 41.3 Ibs.... 2.0 150 2,120 6 .64 
ITI, Dried distillers’ gr., 3.0 Ibs. Silage, 44.0 lbs... 2.2 130 2,030 5.50 

*Linseed meal and cottonseed meal, $32.00; dried distillers’ grains, $24.00; and corn silage, $4.00 per ton 

The silage was of poor quality, for it was cut after having been 
thrice frosted and when most of the ears were in the milk stage. 
With only 3 lbs. of concentrates per head daily and this poor silage as 
the sole roughage, these steers made surprisingly good gains. With feeds 
at the high prices indicated the gains were exceedingly cheap. This 
trial shows the possibilities of producing cheap beef thru the use of 
silage and but a small amount of high-grade concentrates. Tho steers 

- so fattened may not yield ‘‘prime’’ beef, yearlings such as these will 

furnish meat of a quality which will please all but the most exacting. 
In this trial the steers fed linseed meal made somewhat the largest 
gains and at the close of the trial had the appearance of corn-fed 

°S. D. Bul. 148. 



480 FEEDS AND FEEDING 

animals. Owing to the low price of dried distillers’ grains, the gains 
on this concentrate were the cheapest. 

781. Corn silage vs. shock cornm—Mumford of the Illinois Station®! 
divided a bunch of 50 good, thrifty 8-months-old grade Hereford and 

Shorthorn steer calves, weighing about 500 lbs. each, into 2 lots of 
25 each. During 88 days each lot was fed 2 lbs. of oats per head daily, 
with mixed hay and either corn silage or shock corn from the same 
field, part having been placed in the silo and the remainder cured in 

the shock. The calves were not heavily fed, but merely kept in good 

erowing condition, with the results shown in the table: 

Corn silage vs. shock corn for wintering steer calves 

Daily Corn forage fed Total gain of 
Average roughage allowance gain Weight Area Steers Pigs 

Lbs. Tons Acres Lbs. Lbs. 

I, Silage, 26.1 lbs. Mixed hay, 4.6 lbs.......... Ve 2828.59 Sit 31693 87 
IT, Shock corn, 13.2 lbs. Mixed hay, 4.0 lbs...... 14 14.6 5.3 3,188 587 

The table shows that the silage-fed calves gained 560 Ibs. more than 

those getting shock corn. Lot I consumed 28.8 tons of corn silage, 
grown on 3.7 acres. In the same time Lot II consumed 14.6 tons of 

shock corn, grown on 9.3 acres, or 48 per ct. more area than was re- 
quired to furnish the corn silage. The silage-fed calves in Lot I 
gained 3,693 lbs. and the pigs following them only 87 lbs. The steers 

in Lot IJ, getting shock corn, gained only 3,133 lbs., but the pigs fol- 
lowing them gained 587 lbs. Combining the gains of calves and pigs, 

the gross returns were practically equal for the 2 lots, but, measured 
by the area of land required, corn silage was 30 per ect. ahead of shock 
corn in feeding value. 

In a 180-day trial at the Missouri Station®? Allison found that 2-yr.- 

old steers fed corn silage with clover hay, shelled corn, and linseed 
meal made no larger gains than those getting shock corn. However, 

the silage-fed steers required less concentrates for 100 Ibs. gain, made 
cheaper gains, and sold for 10 cents more per 100 lbs. Including the 
returns from the pigs following the steers, a ton of dry matter in 

silage had over 50 per ct. greater feeding value than a ton of dry 
matter in shock corn. (302) 

782. Kafir and sorghum silage—In silage from the sorghums the 
feeder in the semi-arid sections has an admirable substitute for corn 
silage. (309) During each of 3 years Cochel wintered steer calves at 

the Kansas Station®* on silage from corn, kafir, or sweet sorghum, 
with the results shown in the table. In addition to the silage, during 
the first and third years 1 lb. of cottonseed meal was fed per head daily 
and during the second year 1 lb. of corn and 1 lb. of linseed meal. 
Forty-two calves were fed each kind of silage for periods averaging 
107 days. 

C11) Buleete. -“? Mo, Bule 12: 

“Kan. Bul. 198; Kansas Industrialist, Apr. 18, 1914, May 1, 1915. 
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Kafir and sorghum silage compared with corn silage 
Daily . Feed for 100 lbs. gain 

Silage eaten per head daily gain Concentrates Silage 
Lbs. Lbs. Lbs. 

Lonmin Gomvsilace 26:culbsas any eee. iL iL 113 2,330 
ori, Wahirsilace.26 Sibson es. cigs a 1.25 104 2,104 
Lot III, Sweet sorghum silage, 26.6 lbs....... 1.08 127 2,467 

In these trials the different kinds of silage had about the same value, 

kafir being slightly superior to corn, and sweet sorghum ranking lowest. 
Cochel advises growing for silage whichever crop will yield the greatest 
tonnage. 

783. Comparison of silages for the South.—Lloyd of the Mississippi 
Station®* conducted a 137-day trial with 4 lots, each of 4 to 5 steers 

averaging 1,145 lbs., to compare the values of silage from corn, sweet 
sorghum, cowpeas and Johnson grass, and corn stover. The steers 
in each lot were fed 6.5 lbs. cottonseed meal per head daily, with silage 
as shown in the table: 

Silage from sorghum, cowpeas and Johnson grass, and corn stover 
Daily Feed for 100 Ibs. gain 

Silage per head daily gain Meal Silage 
Lbs. Lbs. Lbs. 

ote sCormysilage 46.1 Ibs. ooo. eae = 1.8 365 2,588 
Lot I ib, Sweet sorghum silage, 46.1 Ibs....... 1.6 411 2,911 
Lot II i Cowpea and Johnson-grass silage, 46.1 

Tce ae aa era en OCGA 1.3 495 3,510 
Lot IV, Corn-stover silage, 46.1 Ibs.......... 0.7 997 7,070 

Corn silage gave the best results, followed closely by sweet sorghum 
silage. Corn stover silage produced the lowest gains, due to the fact 
that it contained no grain and also because much was refused by the 
steers. 

784. Roots——Wherever corn or the sorghums thrive, silage from these 
erops provides cheaper succulence than do roots. In northern districts 
where root crops flourish but where corn will not mature sufficiently 
for silage, roots are a valuable feed for beef cattle. At the South 
Dakota Station®® in a 90-day trial Wilson fed lots of 4 yearling steers, 

each averaging 800 lbs., 19.4 Ibs. of shelled corn and 1.7 lbs. linseed 
meal per head daily with hay and silage from corn in the dent stage 
or roots, as indicated in the table, to compare the value of these succu- 

lent feeds: 

Roots vs. corn silage for fattening steers 
Feed for 100 lbs. gain 

Daily Concen- Prairie Silage 
Allowance per head daily gain trates hay or roots 

es Lbs. Lbs. Lbs. Lbs. 

Lot I, Corn silage, 7.0 lbs. Prairie hay, 
EOL Dae a ee abe o tka cad soe ss 2.54 835 227 277 

Lot II, Sugar beets, 6.3 lbs. Prairie hay, 
Ai listens eae ee 2.55 823 217 248 

Lot III, Mangels, 9.0 lbs. Prairie hay, 7.4 
Worst feta i) SS (os ee eee eae 2.61 813 284 343 

Lot IV, Stock beets, 8.9 lbs. Prairie hay, 
TS eps ee oe coe Oahile ets 2.39 873 257 374 

“Information to the authors. ASS, IDE TEU TRY 
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In this trial when fed in a limited allowance of 6 to 9 lbs. per head 
daily, roots were fully equal, pound for pound, to good corn silage. 

Mangels were more palatable than the other roots and produced the 
largest gains. In 2 trials at the Ontario Agricultural College®® in 
which a larger allowance of silage or roots was fed than in the fore- 
going trial, Day found that silage had a somewhat higher value, pound 
for pound, than roots, due to the larger percentage of dry matter it 

contains. (365-73) 
785. Sweet potatoes; cassava; Japanese cane.—At the Florida Station’ 

Stockbridge fed 3 lots of 4 steers each averaging 446 lbs. the following 
rations for 70 days to test the value of sweet potatoes and cassava in 

beef production. 

Cassava and sweet potatoes for fattening steers 

Daily Feed for 100 lbs. gain 
Average ration per 1,000 lbs. live weight gain Concentrates Roughage 

Lbs. S bs. 

Lot I 
Sweet potatoes, 35 lbs. 
Pea-vine hay, 10 lbs. Cottonseed meal,4Ibs.. 1.8 226 2,541 

Lot II 
Cassava, 35 Ibs. 
Pea-vine hay, 10 lbs. Cottonseed meal, 4 lbs... 2.1 195 2,188 

Lot {II 
Crab-grass hay, 20 lbs. Cottonseed meal, 5 lbs. 

Corn meal, 5lbs..... 1.9 DILe 1,033 

It is shown that cassava and sweet potatoes are satisfactory in beef 
production when combined with pea-vine hay and cottonseed meal. 
The steers fed crab-grass hay required more than twice as much con- 
centrates for 100 lbs. of gain as those in the other lots. Scott of the 
same Station®’ reports that steers fed on corn, velvet beans, and sweet 

potatoes barely maintained their weight, due to the fact that sweet 

potatoes are too laxative when fed without some roughage. When 

Japanese cane was added to the ration the results were satisfactory. 

In another trial by Scott®® 930-Ib. steers fed an average ration of 

21.3 lbs. Japanese cane, 7.3 Ibs. corn, and 4.2 Ibs. cottonseed meal gained 

1.6 lbs. per head daily for 90 days, requiring 698 lbs. of concentrates 

and 1,298 lbs. of Japanese cane for 100 lbs. gain. 
786. British system of fattening cattle—The great value of succulence 

in reducing the amount of high-priced concentrates needed to fatten 

cattle is well shown in the extensive compilation by Ingle*® of all the 

cattle-feeding trials carried on in Great Britain between the years 1835 

and 1908—201 in number. From this report the following examples 

are chosen as broadly illustrating the British system of fattening beef 

cattle. 

*Ont. Agr. Col. Rpts. 1901, 1902. cn 

Wa, Rpt. L90L. %Ma. Rpt. 1909. “Fla. Rpt. 1912. 

10 Trans, Highl. and Agr. Soc. of Scotland, 1909. 
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Rations used by British farmers in beef production 
: Initial Daily Total gain 

Average ration No. weight gain per head 
fed Lbs. Lbs. Lbs. 

Shorthorns, 2 to 5 years old, fed 98 days 
Swedes, 171 lbs. Linseed cake, 2.4 lbs. 
Straw, 14 lbs. | Corn meal, 2.0 lbs...-..... 4 1,305.0 3.0 292 

Trish yearlings, fed 112 days 
Turnips, 50 lbs. Cottankesd cake, 3.6 Ibs. 
Oat straw, 8.4lbs. Dried brewers’ grains, 5.8lbs. 10 942 .2 ie 149 

Trish 2-yr.-olds, fed 183 days 
Roots, 112.0 lbs. 
Hay and straw, 8.0 Ibs. Linseed cake, 8.7 lbs. 4 1,030.4 ei 280 

Aberdeen-Angus, fed 112 days 
Mangels, 108.8 lbs. 
Oat straw, 8.0 lbs. Cottonseed cake, 3.0 lbs.. 6 947 .6 1.9 211 

Galloways, 2 to 3 years old, fed 100 days 
Swedes, 150.0 lbs. 
Oat straw, 7.0 Ibs. No concentrates......... 3 933.0 1.4 143 

Trish 8-yr.-olds, fed 88 days 
Pasture Cottonseed cake, 2.8 lbs. 

(Croyeray 1anveeill, PS Woke oo oo ce cooseo cer 10 876 .2 Bod 322 
Shorthorn 8-yr.-olds, fed 123 days 

Swedes, 40.5 Ibs. Cottonseed cake, 5.0 lbs. 
Hay, 16.2 lbs. Linseed cake, 3.0 Ibs. 

BarleyaplOilbpecaaceen a. eon elise 2.4 294 

The American cattle feeder who critically reviews the data given 
will be impressed first of all with the surprisingly small amount of 

concentrates employed in the ration. In the 201 trials presented by 
Ingle the largest amount of concentrates fed per head daily to any lot 
was 13 lbs. In a few cases no concentrates were fed, but usually the 

allowance for each bullock was 6 or 7 lbs. per day. The rich nitroge- 
nous concentrates such as linseed meal, cottonseed meal, dried brew- 
ers’ and distillers’ grains, and peanut cake are the ones commonly 
employed, followed by barley and corn meal more sparingly used. 
Equally striking is the heavy use of roots, the amount fed ranging 
from 35 lbs. per head daily to above 150 lbs. in extreme cases. The 
light feeding of concentrates and the heavy feeding of roots is accom- 
panied by the large consumption of hay and straw, which the British 
feeder chaffs or cuts, and mixes with the pulped or sliced roots and 
meal before feeding. It will be further observed that the British farmer 
generally feeds quite mature bullocks, and that the feeding period is 
relatively short, ranging from 80 to 120 days. It is probable that the 
cattle are usually in good flesh when the feeding begins. 

In studying these figures we should remember that it was the British 
farmer who originated and developed all the valuable breeds of beef 
cattle now scattered over the globe, and his ability and success in pro- 
ducing beef of high quality is unquestioned. With the high prices now 
prevailing for concentrates in this country and the ever upward tendency, 
our feeders may wisely adopt a similar system of beef production, em- 

ploying silage from corn and the sorghums instead of the roots which are 
the basis of English feeding. 



CHAPTER XXVIII 

RAISING BEEF CATTLE 

Il. THe BREEDING HERD 

In establishing a herd from which to breed animals for beef produc- 
tion the first step should be to select well-bred individuals of the beef 

breeds, having the conformation which betokens off-spring that will make 
economical gains, mature early, and yield carcasses with a large per- 
centage of high-priced cuts of meat. (717-25) Where cows are kept only 
for raising calves for beef, the cost of their keep for an entire year 
must be charged against the fatted steer. In reducing the cost of beef 

production it is therefore essential that the breeding herd be maintained 
as cheaply as possible, yet kept in vigorous breeding condition. 

787. Breeding cows.—Cows kept solely for beef production are com- 
monly grazed on pasture during the growing season, the suckling calves 

running with their dams. Usually the pastures thus utilized will be 

the land least suited to tillage. Where land is high-priced and there is 
but little waste land for grazing, the herd may often be maintained 
most cheaply on limited pasturage supplemented by summer silage. (412) 

Pure water, salt, and shade should always be supplied the herd at 

pasture. 

In winter the herd may be maintained entirely on roughage where 
legume hay is available, or on carbonaceous roughages with enough of 

some such nitrogenous concentrate as cottonseed or linseed meal to 

balance the ration. They should not be allowed to run down in flesh, 

else they will be unable to produce vigorous calves and nourish them 

with a goodly flow of milk. (91, 120) 
The winter feed and care may range from the most intensive system, 

where the herd is fed in barn or shed with the freedom of exercise 
paddocks, to the practice yet followed in some of the grazing districts 
of the West, where the only feed is that furnished by the winter range 

on which the grass has been allowed to grow up and mature. However, 

bitter experience has taught the western stockman that he must provide. 
against winter’s rigors by having available a supply of feed to supple- 
ment the range. On many farms the herd may glean much of their 

living from aftermath and stalk or stubble fields, thereby materially 

reducing expenses. 
788. Wintering beef cows.—Mumford of the Illinois Station’ divided 

a lot of 860-lb. grade Angus cows which had suckled their calves the 
previous summer and were thin in flesh into bunches of 10 each and 

ITI. Bul. 111. 
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fed them the rations shown below during 140 days in winter. Twenty- 

eight per ct. of the corn silage and 54 per ct. of the shock corn con- 
sisted of ears. 

Wintering breeding cows on silage and shock corn 
Daily Av. gain 

Average ration i 
fee oben 

Lot I 
Corn silage, 16.7 lbs. 
Oat straws 9.6) lbs: s.Clovemhay3-5ilbs.).9 ss ac sad ao dae ak SO) 

Lot II 
Shock corn, 8.7 lbs. 
Oatistraw, LO‘Sibsy _Cloverihay,(3:5 lbsk) 22 526.5) 4. a. cee wen: 0.8 106 

Lot III 
Corn stover (42 days), 21.7 lbs. 
Shredded stover (98 days), 10.3 Ibs. 
Oatstrawssclbss ‘Cloverhay UGilbsesss. 80.0 oh cae. ed. oe 0.4 58 

At the close of the trial the cows in Lot III, fed only 1.6 lbs. of clover 
hay, were in poor condition, having made but small gain. The cows 

of Lots I and IJ, which had made good gains, appeared about the same 
until after calving, when those in Lot I, which had been fed silage, 

were in decidedly superior form. It required the feed grown on one- 
third of an acre to support a cow making fair gains for 140 days with 
Lots I and II, and that from one-fifth of an acre to little more than 

maintain a cow of Lot III. 
789. Wintering beef cows on silage and cottonseed meal.—During 3 

winters Cochel, Tomhave, and Severson maintained one lot of 10 pure- 
bred Shorthorn cows and another of Aberdeen-Angus cows at the Penn- 
sylvania Station” on silage as the sole roughage with 1 lb. of cottonseed 
meal per head daily. Both. lots were kept in an open shed or a barn 

open on one side, with access to an adjacent lot. The results of the 

trials, which averaged 155 days, are shown in the following table: 

Wintering beef cows on silage and cottonseed meal 
Initial Gain per Feed cost Total cost Value of Net cost 

Average ration weight head per head per head manure per head 
Lbs. Lbs. Dollars Dollars Dollars Dollars 

Lot I, Shorthorns 
Corn silage, 58.8 Ibs. 

Cottonseed meal, 1.0 Ib. 1,180 51 18 .28 26 .47 7.30) VAQI4 
Lot II, Angus 

Corn silage, 57.8 lbs. 
Cottonseed meal, 1.0 lb. 1,143 47 18 .05 26 .24 U8 1S 

The cows in both lots were maintained in satisfactory condition on 

all the silage they would eat, with only 1 lb. of cottonseed meal per head 

daily, even tho several were suckling calves during the winter. With 

corn silage at $3.50 and ecttonseed meal at $30.00 per ton, the feed-cost 

of wintering the cows was $18.28 and $18.05. Including the straw used 

for bedding (1,088 lbs. per cow at $8 per ton), $2.34 per cow for labor, 

and $1.50 per cow for interest on shed and silo, the total gross cost per 

Penn. Bul. 118; Rpt. 1913; and information to the authors. 
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cow was $26.47 and $26.24, respectively, for the 2 lots. Deducting the 

value of the manure at $1.50 per ton, the net cost of wintering the cows 
was about $19 per head. 
During the remainder of the year the cows, with the calves at their 

sides, grazed a pasture so rough that it washed badly when in tilled crops. 

Allowing 2 acres of pasture per cow, the average yearly cost of main- 

taining the cows, including labor, was as follows: Cost of wintering, 
$19.02; cost of pasturing, $7.36; interest on value of cow, $5.40; service 

of sire, $2.00; total $33.78. With 80 per ct. of the cows raising calves 
each year, a calf at weaning time would cost $42.22. 

790. Plains rations for wintering cows.—In a 100-day trial at the 
Hays, Kansas, Branch Station,® Cochel wintered 4 lots, each of nine- 

teen 905-lb. cows, on the roughages shown in the table with 1 lb. of 

cottonseed meal per head daily in addition: 

Rations for wintering cows i the plains district 
Daily Feed cost 

Average roughage allowance gain per head* 
bs. Dollars 

I, Kafir silage, 35.6 Ibs. Wheat straw, 14.2 lbs........ 1.384 6.30 
IT, Kafir silage, 20.0 lbs. Wheat straw, 17.2 lbs........ 0.56 4.44 

III, Kafir fodder, 27.2 Ibs. Wheat straw, 10.3 lbs......... 0.50 9.91 
IV, Kafir stover, 25.6 Ibs. Wheat straw, 10.8 lbs.. ...... 0.35 5.61 

* Kafir silage $2.66, kafir fodder $5.00, kafir stover $3.00, wheat straw $0.50, and cottonseed meal 
$30.00 per ton. 

Lot I, fed 35.6 lbs. kafir silage, 14.2 lbs. wheat straw, and 1.0 Ib. 

cottonseed meal per head daily, made the largest gains, but at a greater 

cost than Lot II, where the silage allowance was only 20.0 lbs. Kafir 
silage not only carried the cows thru the winter in better condition than 
kafir fodder, but was also easier to feed. The advantage of ensiling the 
sorghum crop is shown by the fact that Lot II, fed kafir silage, con- 

sumed the crop from only half as large an area of kafir as Lot III, fed 

kafir fodder, and yet made as large gains. That fair results may be 
secured when only low-grade roughages are used with 1 lb. of cotton- 

seed meal per head daily is shown by Lot IV. In another trial Cochel* 

found that when cows were wintered on a ration of 12.1 lbs. kafir stover, 
14.1 lbs. wheat straw, 5.4 lbs. kafir silage, and 1 lb. of cottonseed cake, 
the cost of feed per cow for 1386 days was $5.70 and of labor, $1.94, . 

making a total of $7.64, from which should be deducted the value of the 
manure produced. 

791. The beef bull.—On the range the bulls run with the cows, but 
under farm conditions it is best to confine the bull during the summer, 
preferably in a well-fenced pasture lot. It will then be possible to keep 
a record of the date when the cows are due to calve, and the bull so 

handled can serve a larger number of cows a year. The same general 
principles apply to the feed and care of the beef bull as with the dairy 
bull, which have already been discussed.(708) As Mumford writes,’ 

akan. Bul. 198: ‘Information to the authors. *Beef Production, p. 165. 
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‘‘He should be kept in good, thrifty condition, and if it is found that he 
requires an abnormal amount of feed to maintain this condition, in 
other words, that the bull is a ‘hard keeper’, he is not well calculated 
to sire cattle possessing good feeding qualities, and should be replaced.”’ 

II. Ratstna CALVES FOR BEEF; VEAL PRODUCTION 

792. The beef calf—Under the simplest method of beef production, 
as on the range, the calves are dropped in the spring and run with their 
dams during the summer. Under farm conditions some prefer to allow 

the calves to suck only at stated intervals, 3 times a day at first, and 

later twice. 
Where the calf. remains with the dam her udder should, for a time, 

be stripped night and morning lest neglect bring garget and destroy 

her usefulness. If the calf is getting too much milk, as shown by 
scouring, cut off part, remembering that the last drawn portion is the 
richest in fat, and that richness as well as quantity causes digestive 
troubles. (117) The greatest danger under this system comes at wean- 
ing time, when, if the calf has not been taught to eat solid food, it pines 
and loses weight. To avoid this, before weaning it should be taught to 
eat shelled corn, whole oats, wheat bran, linseed meal, hay, ete. The 
first departure from this simple and primitive method is putting two 
ealves with each cow, which is feasible where the cow yields a good 

flow of milk. 
Suckling calves should gain 2 lbs., or over, per head daily if their 

dams give a good flow of milk. At the Pennsylvania Station® Hunt 
fed 3 calves whole milk containing 4.6 per ct. of fat for 161 days. They 

gained 1.77 lbs. each daily, requiring 8.8 lbs. of whole milk, and 1 Ib. 
of hay and 1 lb. of grain for each pound of growth. Martiny’ found 
that from 3.5 to 6 lbs. of new milk was sufficient to produce a pound of 
gain, live weight, with calves between the first and fifth weeks, while 
older ones required from 16 to 20 lbs. Linfield of the Utah Station*® 
found that up to 14 weeks of age the calf takes less dry matter than the 
pig for 1 Ib. of gain, and after that more, possibly because of the greater 

amount of roughage then used in the ration. Beach of the Connecticut 
(Storrs) Station® found that calves required 1.03 lbs., lambs 1.08 Ibs., 

and pigs 1.36 lbs. of dry matter in whole milk for each pound of gain 

made. (117) 
While in some districts it is still best to rear the beef calf on whole 

milk from dam or pail, over large sections of the country it is now more 
profitable to sell the fat of the milk in butter or cream and rear the 
ealf on skim milk with proper supplements. This method involves in- 
ereased labor, skill, and watchfulness on the part of the feeder, but its 
suecess has been widely demonstrated. The method to be employed is 

’Penn. Rpt. 1891. SUtah Bul. 57. 

*Die Milch, 2, 1871, pp. 9-15. -°Conn. (Storrs) Rpt. 1904, p. 118. 
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not different from that already detailed for the rearing of the dairy 
ealf, (678-94) except that the beef calf should be forced to more rapid 
gains thru more liberal feeding. 

Calves that fail to thrive when sucking the cow or when fed on rich 
milk should have their allowance reduced or should be given part skim 
milk. Lime water or wood ashes may possibly prove correctives in cases 
of trouble from this source. (117) The lime water used in such cases 
is made by dropping a lump of unslaked lime into a jug filled with water 
and keeping the jug corked. <A tablespoonful or more of lime water 
should be given with each feed. 

After weaning, growth should be continuous. If the calves are not at 
pasture, they should be fed plenty of good roughage, with sufficient 

concentrates to produce the desired gains. As has been shown in the 
discussion of raising dairy heifers (117), for young beef cattle nothing 
excels good legume hay, rich in protein and bone-building mineral 
matter. Where this is not available nitrogenous concentrates should 
balance the ration. 

The majority of beef producers prefer to have calves dropped in the 
spring, as the cows may then be wintered more cheaply, with less shelter, 

and less care. Mumford’? points out that fall calves not fattened as 
baby beef must be carried thru 2 winters, while spring calves may be 
sold at the age of 18 to 20 months, after but 1 winter. Some, however, 

prefer fall calving, reasoning that the cow is in better condition to de- 
liver her calf after the summer on pasture and the fall calf is better 
able to handle grass, and endure the heat and flies the following season. 

793. Veal production.—For the highest grade of veal whole milk is the 
sole feed allowed, and growth must be pushed as rapidly as possible, the 
whole process being completed before there is any tendency in the flesh 

to take on the coarser character of beef. Such veal commands a high 
price in some of the European markets, and the butchers are extremely 
expert in judging whether the calf has received any other feed than 
whole milk. Only when whole milk has been used exclusively, is the 

white of the eye of the veal calf free from any yellow tint, and the 
insides of the eyelids, lips, and nose perfectly white. In this country 
veal of this kind can be profitably produced only for a special market. 

A less expensive method of producing veal is to feed a limited amount 
of whole milk supplemented by grain, or skim milk may be gradually 
substituted, as with dairy calves. (687-8) With the latter method, con- 

siderable skill is necessary to feed the calves so they will gain rapidly 
without going off feed. 

794, Dutch veal.—In Holland, where unusually heavy, well-fatted 

ealves are a specialty, the following practices are common, according to 
Forssell 11 The new-born calf is placed in a stall 6.5 ft. long by 1.6 ft. 
broad and about 5 ft. high, the stall being so narrow that it cannot turn 
around, tho it can lie and stand comfortably. The floor of the stall is 

Beef Production, p. 166. “uFodret och Utfodringen, 1893, p. 155. 
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of slats or perforated boards, and is littered daily so that the animal 
has a perfectly dry berth. The calf barn is kept dark. Two or 3 times 

daily the calves get as much milk as they will drink, and during the first 
14 days only the dam’s milk is fed. Eggs or other by-feeds are not 

_given. The calf consumes on the average about 34 Ibs. of whole milk daily 

for the whole fattening period of 10 to 12 weeks, at the end of which 
time the veal is considered to be at its best. To prevent the calves from 
eating feed other than milk, they are muzzled if straw or other roughage 
is used for bedding. Finely-ground shells and sand are given to prevent 
scouring. ‘The dressed weight ranges from 187 to 220 lbs., or, according 

to Rost,’ from 220 to 330 Ibs. One lb. of gain is made in the beginning 
from 8 lbs. of milk and toward the close from 12 lbs., the average being 

10 lbs.* The fat calf dresses from 55 to 60 per et. of its live weight. 
795. Scotch veal—aAt Strathaven, Scotland, a region noted for the 

excellence of its veal,** the youngest calves receive the first drawn milk 

and the older ones the last and richer portion. Thus one ealf is often 
fed portions of milk from 2 or 3 cows. After the third week they receive 
as much milk twice a day as they will take. Following feeding they are 
bedded, the stable being kept rather warm and dark. Lumps of chalk 
are placed where the calves have access to them. The fattening period 
continues from 5 to 7 weeks, when a dressed weight of 100 to 120 lbs. is 
secured. ji 

In the vicinity of London veal calves fed for about 10 weeks in isolated 
pens, as in Holland, ordinarily dress 140 lbs. 

Ill. Growirne BEEF CATTLE 

796. Summer care.—Except where calves are being fattened for baby 

beef (820), growing beef cattle are not ordinarily given any feed in 
addition to good pasture. When necessary to keep the animals growing, 
additional feed should be supplied, such as summer silage, soiling crops, 
or specially grown pasture crops. Considerable fall pasturage is fur- 
nished by aftermath on meadows or by the stubble fields, especially where 
a small amount of rape seed is sown with the spring grain. 

797. Wintering growing cattle—The ration needed to carry grow- 
ing cattle thru the winter in good condition will depend on their age, 
and on whether it is desired to have them make substantial gains or 
merely come thru the winter in thrifty condition to make maximum gains 
on pasture the following summer. While yearlings and 2-yr.-olds may 
be wintered on roughage only, for calves 1 to 3 lbs. of concentrates per 

head daily will be needed in addition, for it is important to keep the calf 
growing steadily, enlarging its framework but not laying on fat. Where 
cattle are to be grazed the third summer without fattening, the effort 
should be to grow as large a framework as possible the second winter, 

“Molk. Zeit., 1894, p. 547. “Molk. Zeit., 1894, p. 547. 

8Kraft, Landwirtschaft, 3, p. 163. 
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leaving the animal thin but thrifty. Mumford writes:1° ‘‘The more 
cattle gain on concentrated feeds in winter the less they will gain on 
grass in summer. That is to say, if corn is fed lberally during the 

winter months the cattle will not make as large gains when turned to 
grass as they would were they wintered on roughage, and not the best 
roughage at that.’’ 

Where cattle are to be fattened on pasture the summer following the 
second winter, a reasonable storage of fat toward the close of winter 

and in early spring will helpfully shorten the summer feeding period. 
In such eases excellent feeds for the last of winter and early spring are 
legume hay and silage rich in ear corn. These, with a moderate grain 
allowance, will warm the animals up, start fattening, and send them to 

grass in prime condition to make the most of the heavy feeding of grain 
which follows. Calves are not able to utilize such coarse roughages as 
older cattle will consume. 

At the North Platte, Nebraska, Station?® Snyder conducted 2 trials 
in which lots of 18 and 20 steer calves, respectively, were wintered on 

the roughages shown in the table with 2 lbs. per head daily in addition 
of a mixture of 2 parts corn and 1 part oats. The following and the 
second surmmmers all Jots ran on a canyon pasture. The second winter the 
steers were fed roughage alone. 

Average daily gains of steers fed various roughages during winter 
First year Second year 

Hay or fodder fed during winter Winter Summer Winter Summer 
8 Lbs. s bs. 

AlioliGe eee aa hte an eee eee ee 1.08 1.07 0.72 O57 
Alitalia anid praiviewsc .2. eeces says 0.99 0.93 0.70 0.55 
Alfalfa and eorenumn ee Tees ee 1.05 0.94 0.87 0.49 
Prairie. = Fase Gi SUNS Gel NS os 0.46 1.22 0.20 1.21 
Sorghum . Ee ee Te ae ee Wet 0.41 1.19 0.42 0.92 

In all instances the steers fea prairie hay or sorghum fodder made 
much smaller winter gains than those fed alfalfa hay. When half al- 
falfa hay and half prairie hay or sorghum fodder was fed, the gains were 
about as large as when only alfalfa was fed. The steers that made the 
best winter gains made smaller gains the following summer, but the 

total gains for the entire year were larger for the lots fed some alfalfa. 
Trials by Cochel at the Kansas Station show that calves may be 

wintered satisfactorily on silage from corn, kafir, or sweet sorghum, with 
1 Ib. of cottonseed or linseed meal per head daily in addition. (782) 
The manner in which cheap roughages may be largely utilized even in 

wintering calves, when combined with silage, is shown in a 144-day trial 
by Cochel*? in which 30 calves fed a ration of 3.3 lbs. wheat straw, 2.3 
lbs. corn stover, 2.9 lbs. foxtail and damaged alfalfa hay, 6.8 lbs. kafir 
silage, and 0.8 lb. of a concentrate mixture, gained 41.8 lbs. each at a 

daily feed cost of 3.3 cents per head. The total gross cost of wintering 

Beef Production, p. 46. “Information to the authors. 

%Nebr. Buls. 105, 117. 
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the calves was only $5.72 per head, from which should be deducted the 
value of the manure. 

798. Wintering yearlings without grain At the Missouri Station'® 

during each of 4 winters Waters fed lots of 4 or 5 high-grade yearling 
Hereford and Shorthorn steers each for periods of 49 to 92 days. These 

steers, rather thin in flesh and averaging about 725 lbs. in weight, were 
fed the following roughages of medium quality, without grain, with the 
results shown below: 

Roughages for wintering yearling steers without grain 
Roughage Av. daily 

Average roughage allowance refused gain or loss 
Per ct. Lbs. 

Otel MIMO ove b AVON DSyter. =< cet e4 se ht erat ince. 16.3 +0 .31 
Iba 1UE, WAS Commvinoniere, Biles) Mose obs secaencuatouse 40.8 —0.18 
Lot III, Shredded corn stover, 23.6 lbs.f............... 35.8 —0.14 
Lot IV, Ensiled corn stover, 47.4 lbs.f. ............... 4.6 +0 .58 
Lot V, Corn stover, 13.6 lbs., clover hay, 13.6 lbs. .... 27.0 +0 .44 

* Four trials. t Two trials. 

It is shown that yearling steers in thin condition made only a small 

gain when wintered on timothy hay alone. Those fed whole or shredded 
field-ecured corn stover lost in weight, while on ensiled stover, or stover 

and clover hay there were substantial gains. 
Skinner and Cochel’® in a survey of Indiana cattle feeding found 

that only about one-fourth of the feeders from whom replies were re- 

ceived fed grain in any form to stockers being carried thru the winter, 
and of these the majority fed grain late in the spring just previous to 
turning on grass. 

799. Wintering yearlings with a limited grain allowance.—During 4 
winters Waters?® compared various roughages when fed without limit 
to yearling steers with a limited allowance of shelled corn. Lots of 

4 steers each, similar to those fed in the preceding trials and averaging 
about 750 lbs. in weight, were fed the rations given in the following 
table for periods of 66 to 120 days: 

Roughages for wintering steers getting a limited grain allowance 
Corn fed Daily Feed for 100 lbs. gain 

Average roughage allowance per day gainorloss Corn MRoughage 
Lbs. Lbs. Lbs. Lbs. 

Whole corn stover, 29.3 Ibs.*............. 3.8 —0.32 sts nite 
Corn stover, 11.0 lbs., clover hay, 10.9 lbs. 5.3 UL 2ehe/ 400 ~=1,754 
Gloverihay (OOD si ee este ee ee 6.0 1.97 305 966 
Timothy hay, 16.6 lbs.t................. Bey ALO 552 «1,815 
CompearhayselOlO bs: jiseer nae ose ec eels 5.5 1.42 362 1,343 
Alcaitahayetneibe ects ace GXOe) LGB. SES). a 
Milletitaye ISeliibeet il ee saci. BO Oey Gis Stale 
Soyelopien lob, Aap) Wo cide co ouaeb oploae bbe 6.0 0.91 809 2,921 

* One trial. + Two trials. t Three trials. 

The steers fed whole corn stover with an allowance of 3.8 lbs. of 
shelled corn per day lost 0.32 lb. each daily. Those fed equal parts of 

*%Mo. Bul. 75. 29JInd. Cir. 12. *Mo. Bul. 76. 
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stover and clover hay gained 1.37 lbs. each daily, requiring only 400 lbs. 
of corn and 1,754 lbs. of roughage for 100 lbs. of gain. Waters points 
out that stover serves best when combined with a limited quantity of 
clover or other leguminous hay, a point of great importance. The steers 
fed clover hay made nearly twice as large and far more economical 
gains than those fed timothy hay, another fact of great value to the 
feeder. Alfalfa hay proved about equal to clover hay, and cowpea hay 
of slightly lower value. Millet and sorghum hay made a poor showing 
when fed with shelled corn. 

Waters concludes: ‘‘One ton of timothy hay is worth as much as 3 tons 

of whole corn stover when each is the sole feed. (622) Shredding corn 
stover did not enhance its feeding value, and nearly as great waste 

occurred as with whole corn stover.’’ While the steers fed whole, or 
shredded field-cured corn stover did not maintain their weight, those 
fed silage made from corn cut at the same time and from which all the 
ears had been removed made small daily gains. More dry matter was 

given in the stover, but a large part was left uneaten, while nearly all 
the silage was consumed. 

At the Tennessee Station*! Willson fed 3 lots each of 5 steers and a 
fourth of 13 steers the rations shown in the following table for 133 days 
during the winter: 

Silage, straw, or cottonseed hulls for wintering stockers 

Average gain per head reed cost of 

Average winter ration Winter Summer Total wintering 
Lbs. 3. bs. Dollars 

Te LARC, cs ADS ethane Aare a eae meee —48 292 244 6.03 
IT, Straw, 13.6 lbs. Cottonseed meal, 1 Ib...... il 251 273 7.06 

III, Straw, 14:4 lbs. Cottonseed meal, 2 lbs.... 62 237 299 9.07 
IV, C’seed hulls, 13.7 lbs. C’seed meal, 3 Ibs.. -11 302 291 9.14 

The steers fed corn silage alone failed to maintain their weight, while 
those fed straw (half oat and half wheat) with 1 to 2 lbs. of cottonseed 
meal per head daily made small gains in weight. In this trial straw 
was superior to cottonseed hulls. 

In another trial steers wintered on silage alone gained only 16.4 lbs. 
each, while others fed 1 lb. cottonseed meal per head daily in addition 
gained 109.6 lbs. Steers fed corn stover and 1 lb. of cottonseed meal 
gained 62.6 lbs. each. Willson concludes that corn stover or straw, with 
1 to 2 lbs. of cottonseed meal per head daily, makes a satisfactory ration 

for wintering stocker steers that are to be grazed during the following 
summer and finished for the block the next winter. The larger the 
winter gain, the smaller was the summer gain generally, tho where the 

steers: made no gains during the winter or lost in weight they made 
smaller total gains during the year than those which had gained 80 to 
100 lbs. during the winter. 

Information to the authors. 



CHAPTER XXIX 

COUNSEL IN THE FEED LOT 

In an earlier chapter we have learned that the main object of fatten- 
ing is not the accumulation of fatty tissue in the body, but an improve- 

ment in the quality of the lean meat thru the deposition of fat in the 
lean-meat tissues. (121) When fattening has progressed to this point 

the meat shows the characteristic ‘‘marbling’’ and is of better flavor and 
much more tender and juicy than that from the unfattened animal. 

Fat is concentrated fuel energy stored as surplus in the animal’s body 
against the time of need. Impelled by a hearty appetite, under liberal 

feeding the steer at first lays on fat rapidly, storing it everywhere within 

the body—among the fibers of the muscles, within the bones, the body 

eavity, ete. After a few weeks on liberal feed the appetite loses its edge, 
and the steer shows indifference and a daintiness in taking his food not 
at first noticed; every pound of increase now means the consumption of 
more food than formerly. The fattening process may be likened to 
inflating a collapsed football—the operation, easy and rapid at first, 
grows more and more difficult until the limit is reached. (714) 

The principal indications of a well-fattened animal which the experi- 
enced judge of beef cattle looks for are a fullness at the root of the 
tongue and the base of the tail, a well-filled flank, and a full ‘‘twist’’ 

and ‘‘eod,’’ in addition to a smooth, firm covering of fat over the body. 
The increase of the growing animal is largely water, with some protein, 

some fat, and a little mineral matter; the increase of the fattening 
animal on the other hand, is largely fat, with a little water, and a trace 
of protein and ash. It takes far more food for a given increase with the 
fattening than with the growing animal. The laying on of fat calls for 
heavy feeding with rich feed and is always an expensive process. 

800. The ration for fattening.—In the general discussion of the re- 
quirements for fattening, given in Chapter V, we have seen that the 
nutrient requirements of the fattening animal differ materially from the 
requirements for growth. With the mature animal there is compara- 
tively little storage of: protein or of mineral matter, as the muscular 
tissues and the skeleton are already grown. The ration may therefore 
have a relatively wide nutritive ratio, but even with a mature animal, 
when the nutritive ratio is wider than 1:8 or 1:10 the digestibility of 
the ration will be depressed and a waste of feed result. (84) 

In this country. most of the beef cattle are now fattened before they 
are full-grown, and the tendency is increasing to shorten still further 
the period before the steer reaches the block. For the fattening of such 

493 
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animals sufficient protein must be furnished to provide for the growth 

in protein tissues which takes place during the fattening period. In 

the preceding chapter it has been pointed out that larger and more 
economical gains were made by 2-yr.-old steers on a ration having a 

nutritive ratio of 1:7.9 than when the ratio was 1:9.0. (776) It has 
further been shown that when the nutritive ratio was 1:5.6 no larger 

eains were secured than when it was 1:7.0. (777) 
Studies made by the authors, of southern feeding trials in which the 

only concentrate used was cottonseed meal, show that exceedingly satis- 
factory gains are produced on rations having a nutritive ratio as narrow 

as 1:3.8 or even narrower. From these data, and studies of other trials 

by the authors, it appears that the nutritive ratio of the ration for 

the 2-yr.-old fattening steer may range from 1:3.8 to nearly 1:8.0 with- 

out influencing the results. When the nutritive ratio is 1:8.0, shehtly 

smaller gains will usually result than on a narrow ration, but under 

some conditions a ration having this ratio may be the more economical. 

It is evident from this discussion that the allowance of erude protein 

preseribed in the Wolff-Lehmann standard is unnecessarily high, the 

nutritive ratio there advised ranging from 1:5.4 to 1:6.5. On the other 

hand, at least for the 2-yr.-old steer, which is yet growing, the Iellner 

and Armsby standards preseribe insufficient protein for maximum 

eains. (170, 174) These facts have been taken into consideration in 

the recommendations set forth in the Modified Wolff-Lehmann standards, 
which have already been discussed. (187-9; Appendix Table V) 

The proportion of concentrates needed in the ration will depend on 
the condition of the cattle when placed on feed, on the rapidity with 

which it is desired to fatten them, and on the degree of finish which 

the demands of the market make most profitable. As has been shown, 

feeders in thin flesh require a long feeding period, during the first part 

of which the ration may consist largely of palatable roughage. On the 

other hand, fleshy feeders may be finished in a comparatively short time 

on a more concentrated ration. (716, 779, 780) Hastening the fattening 

naturally means supplying a heavier allowance of concentrates than 
when the period is lengthened. Where the market does not pay a 

premium for the prime beef furnished by the highly finished animal, a 

heavy concentrate allowance is not profitable. (768) 

801. Practical rations for fattening cattle—The reader who wishes to 
know the quantity and proportion of the various concentrates and rough- 

ages in well balanced rations for fattening cattle will find his wants 
adequately met in the two preceding chapters, wherein are summarized 

the principal feeding trials at the different experiment stations, covering 

almost every form of concentrates and roughages. Out of the many 
presented he should be able to find several that approximate his indi- 

vidual conditions. 
802. Getting cattle on feed—Mumford' recommends that cattle going 

on full feed be given all the clover or alfalfa hay they will eat without 

‘Beef Production, pp. 49-52. 
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waste. In addition, start with 2 lbs. of corn per steer per day, increasing 
1 lb. daily until 10 lbs. is fed. After 3 days increase 1 lb, daily until 
17 lbs. is fed; 15 days later let this be increased to 22 Ibs. daily. Cattle 

getting from 12 to 15 Ibs. of corn daily should have about 12 Ibs. of 
clover or alfalfa hay per 1,000 Ibs. live weight; later only about one- 

fourth of the ration should be roughage. Where the feeding period is 
to cover 6 months, from 30 days to 6 weeks should elapse before the cattle 
are on full feed. In such eases proportionally more good roughage, 

such as clover or alfalfa, is fed. While the animals so managed do not 

make such rapid gains at first, near the close of the feeding period the 

gains are as large as ever and more economical and satisfactory. As 

shown before (729), Mumford reports success in using the self-feeder 

in getting steers on full feed, the grain being mixed with chaffed hay. 

803. Hogs following steers.—The following is condensed from Waters 2° 
The number of hogs required to utilize the waste per steer will vary 

greatly with the character of the feed, the way in which it is prepared, 
and with the size and age of the cattle being fed. The range is from 2 to 

3 hogs per steer on snapped corn, 1.5 per steer on husked ear corn, about 

1 per steer on shelled corn, and 1 hog to 2 or 8 steers on crushed or 

ground corn. 

Whatever favors rapid and profitable gains with cattle, other than the 

preparation of the feed, also favors the gains of the hogs following, Mor 

example, hogs make better gains following corn-fed steers getting clover, 

cowpea, or alfalfa hay than they do when the roughage is timothy, mil- 

let, or sorghum forage. Likewise feeding the steers linseed meal benefits 

the hogs that follow. It is almost as profitable to feed tankage or linseed 

meal to hogs following cattle as to those fattening directly on grain; this is 

especially true with hoes following cattle fed straight corn with timothy 

or stover for roughage in winter, or with cattle fattening on corn and 

bluegrass or timothy pasture in summer. 
Waters strongly recommends separate clover or alfalfa pastures acces- 

sible to hogs following fattening steers in summer; on these the hogs can 

graze at will after having cleaned up the waste from the cattle, instead 

of feeding on the steer pasture. He further recommends providing a 

field of cowpeas or soybeans on which the hogs may forage early in fall 

and so have this nitrogenous grain together with the corn they pick up 
from the steers. Any extra grain fed should be given to the hogs before 

the cattle are fed so that the hogs will not crowd around the feed troughs 

or under the wagon and team. In the best practice the hogs are fed in a 

near-by pen to keep them from the cattle while the latter are feeding. 

Whenever hogs begin to show maturity or fatness they should be sup- 

planted by fresh ones, for fat hogs are unprofitable for following steers. 
The best hog for following cattle is of good bone, thin in flesh, weighing 
from 100 to 150 Ibs. If shotes are used they should at least weigh 50 to 

60 lbs. Sows in pig or young pigs should never be put in the feed lot. 

Because of the narrow margin in fattening cattle, Waters recom- 

2Mo, Bul. 76. 
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mends that where it is impossible to provide hogs to follow the steers 
the fattening of the steers be delayed until hogs can follow or be given 
up entirely. This advice does not apply to feeding weanling calves for 
baby beef, because then the grain should be ground and fed with alfalfa, 
clover, cowpea hay, ete., in which case the animals utilize their feed so 
much more closely that hogs are not absolutely necessary. (712, 736) 

804. Frequency of feeding.—According to Mumford,’? the majority of 

eattle feeders prefer feeding their cattle grain and roughage twice a 

day in winter and grain once a day in summer. Feeding once a day in 
summer is practiced largely as a matter of convenience and not because 

it is believed to be better for the cattle. For the most part the same 
reasons that make it desirable to feed grain twice a day in winter apply 
in summer with equal force. 

805. Water.—Fattening cattle should not only have an abundant 
supply of uncontaminated water at all times, but it should be easily 

accessible. The water for hogs running in the same lot should be separate 
and so set off that the steers cannot have access to it, nor should hogs 

drink from the water troughs of the cattle. While-it is best to have 

water before cattle at all times, they readily adapt themselves to tak- 

ing a fill onee daily and thrive. The water provision should not be less 
than 10 gallons per day per head for mature cattle. 

Georgeson of the Kansas Station* kept a record of the water drunk 
by fattening steers in winter with the following results: 

Water drunk by fattening steers in winter 
Amount of water drunk 

Daily per Perlb. Per lb. 
Feed given steer of gain of feed 

Lbs. Lbs. Lbs. 

Lot I, Corn meal, bran, shorts, oil meal, with hay.. 79 Bo Died) 
Lot IIT, Corn meal, molasses, and corn fodder....... Us 56 2.4 
opi A@iltcakewhaye cece, sec nen een rae 91 57 3.4 
ot PV. Hay com, cormaodderte. ssc ene eesti: 56 27 1.8 

We note that on the carbohydrate-rich ration of corn and corn fodder 
the steers drank but 1.8 lbs. of water for each pound of feed eaten, 
while on the highly nitrogenous ration of oil eake and hay they drank 
3.4 lbs., or nearly twice as much. (103) 

806. Salt.—Animals fed large quantities of rich nutritious food, such 
as fattening steers receive, show a strong desire for salt, and this erav- 
ing should be reasonably satisfied. Kiihn® reeommends 1 ounce of salt 
per day for a steer weighing 1,000 lbs. at the beginning of the fattening 

period, 1.3 ounces at the middle, and 1.7 ounces near the close. Whether 
granular or rock salt be supplied is merely a matter of convenience. 

Some give salt once or twice a week, others keep salt before their cattle 
at all times. As in other matters of feeding, habit rules, and a plan once 
adopted should be followed without deviation. 

°Beef Production, pp. 93-4. SHrnahr. d. Rindviehes, 9th ed., p. 325. 
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Mumford and Hall of the Illinois Station® state that some feeders re- 
port favorably on a mixture of equal parts of salt and wood ashes, 
which the steers eat slowly and with seeming benefit. (101) 

807. Variations in weight.—Fattening steers show surprising varia- 
tions in weight from day to day, and even from week to week. Much 

data could be given on this point, but the following from one of George- 
son’s experiments at the Kansas Station’ will suffice: 

Weekly variations in the weight of steers during fattening 

Date of weekly weighing | Weight of | Gain or | Weight of | Gain or Weight of Gain or 
steer No. 1 loss steer No. 2 loss steer No. 3 loss 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
November 30....... IER PAN Ls | Et meee TMQ OE aliiese meer: L207 Vere cee 
December 7......... 1,269 37 1,205 15 1,240 38 
December 14........ 1,280 11 1,213 8 1,236 —4 
December 2l... =... 1,278 —2 1,226 13 1,244 8 
December 28........ 1,325 47 1,250 24 1,270 26 

MAG Os ee 1545 Albee IPS S3vallee te: Teaaays Bel ete 
ING OAS Bie eee ee 1,565 20 1,603 20 1,593 26 
INI 1 ee 1,597 32 1,620 17 1,619 26 
WHE LS AERA a at 1,598 1 1,643 23 1,626 7 
Minivan srry cits. 1,610 12 1,606 —37 1,593 —33 

These variations, which are not extraordinary, show how difficult it 

is to know the true weight of a steer at any given time. Experiment 
stations now quite generally weigh the steer for 3 successive days, 

taking the average as the true weight of the steer on the second day. 
It has been suggested that the variations follow somewhat the amount 

of water drunk from day to day, but this explanation does not always 
seem sufficient. It seems more generally due to the irregular movement 

of the contents of the digestive tract, which movement is influenced by 
changes in the character and quantity of the food consumed, the exercise 
or confinement enforced, and the weather. 

808. Cost of fattening —Mumford’ gives the following in concise form: 
“‘For the purpose of securing a definite basis from which to work, we 
may assume what has been repeatedly accomplished in practice, that 

one man and team, or their equivalent, can care for and feed 200 cattle 

together with the hogs following. This includes not only feeding the 
grain, but also hauling hay or other roughage to the feed lot from near- 
by stacks or mows, providing bedding, attending to water, and looking 
after the wants of steers affected with injuries, lump-jaw, lice and itch. 

With this assumption as a basis the following statement is possible: 

Man, 6 mo. at $40.00 (wages $25, board $15)...................0. $240 .00 
Team and wagon, 6 mo. at $40 (maintenance $15, feed $25)......... 240 .00 

Mo tabecOstalaDOLMOLMNO Nain, 1 65 5 oe uekew ie ane Pe eae She $480 .00 
ONSET HA Of 2ST eel a) aie 2 A lla ey Od no SOP a Rae, 2.40” 

°Tll. Cir. 92. "Kan. Bul. 34. ‘Beef Production, pp. 33-4. 
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The returns of hogs following steers fed whole corn will under fa- 
vorable conditions usually offset the labor cost of caring for fattening 
steers and the hogs following them. Another reasonable assumption 

is that when farm-grown crops are charged to the steers at market 
prices, the labor of feeding them to the cattle is no greater than the 
labor of hauling them to market. 

According to Mumford the manure produced by steers during the 
6 months’ feeding ranges from 8 to 4 tons, worth, on many farms, from 
$9.00 to $18.00 per steer. These factors should be considered in count- 
ing the cost and returns of fattening steers. 

Cotton and Ward of the United States Department of Agriculture,® 
collecting data on 24 Iowa farms where 2,099 cattle were fed in 1909-10 
and 1910-11, found that the total cost to the feeder of the fattened 
steer was distributed percentagely as follows: Purchase price, 57.8; feed, 
34.5; interest at 6 per ct., 1.6; labor, 1.7; shipping and selling (not 
including shrinkage), 4.5 per ct. The proportionate cost of the different 
items will vary from year to year, especially the first cost of the cattle 
and the cost of the feed. 

809. Preparing for shipment.—Concerning the preparation of cattle 
for shipment, Clay,’° than whom there is no better authority, writes: 
‘“A day or two previous to shipping, feed the cattle in a pen, and feed 
hay only. The secret of shipping all classes of cattle is to place them 

on the cars full of food but with as little moisture as possible. A steer 
full of water is apt to have loose bowels and show up badly in the 

yards; properly handled cattle should arrive in the sale pens dry behind 
and ready for a good fill of water; not very thirsty but in good con- 
dition to drink freely. Many shippers think that by salting their cattle 
or feeding them oats they can fool the buyers, but it always goes 
against them to use unnatural amounts. As to feed on the road, nothing 

equals good sweet hay, which excels corn or other grains because it is 

easily digested and does not fever the animal. Of water in mid-summer, 

care must be taken to supply the animal wants, whereas in winter a 

steer can go for many hours without a drink. Cattle should arrive at 
the sale yards at from 5 to 8 A. M., appearing on the scene as near the 
latter hour as possible, since they always look better just after they 
have been fed and watered.’’ 

810. Shrinkage.—Extensive investigations in different sections of the 
United States by Ward of the United States Department of Agricul- 
ture’ show that the shrinkage of range cattle in transit over 70 hours 

during a normal year is from 5 to 6 per et. of their live weight. If they 

are in transit 36 hours or less the shrinkage will usually be 3 to 4 per et. 
of the live weight. The shrinkage of fed cattle does not differ materially 
from that of range cattle for equal periods of time. Silage-fed cattle 
show a larger gross shrinkage but usually fill so well at market that the 

°"U. S. Dept. Agr., Farmers’ Bul. 588. "U.S. Dept. Agr. Bul. 25. 

“Live Stock Rpt. Chicago, Sept. 28, 1894. 
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net shrinkage is even lower than with cattle fed no silage. Pulp-fed 
cattle shrink more than any other class. The difference in shrinkage 
between cows and steers was not as great as is ordinarily supposed, tho 
cows shrank somewhat less than steers of the same weight. 
When the cattle were fed succulent grass, silage, or beet pulp before 

being loaded, the shrinkage was great. Slow, rough runs to market 
naturally increased the shrink. For a long journey the common method 

of unloading for feed, water, and rest was better than the use of ‘‘feed 
and water’’ cars. Where cattle reached the market just before being 
sold, the fill was small, but when they arrived the afternoon of the day 
before, or about daylight of the sale day, they generally took a good 
fill. However, an exceedingly large fill at market is not desirable, be- 
cause buyers then discriminate against such cattle. 

811. Fattening cattle requires business judgment.—In fattening cattle, 
even more than in other lines of animal husbandry good business judg- 
ment must be exercised, or the venture is apt to result in loss. Cotton 

and Ward’? well summarize some of the important points to be ob- 
served by one entering the cattle feeding business: 

‘Before purchasing his feeders the farmer should estimate the quan- 
tity of feeds on hand and their market price, the number and class 
and size of cattle desired, and the time required to consume the feed. 
Then he can estimate from market reports the approximate cost of 
his feeders, and with these various items at hand can figure what they 
must sell for if he is to break even. He is then in position to select 
steers which will suit the given conditions. If the outlook is not 
good, it is usually advisable not to purchase at that time. It is an 

old adage among stockmen that ‘cattle bought right are more than 
half sold.” A man may be a skillful feeder and lose money year after 
year because of poor judgment in buying. The beginner should hire 

some experienced cattleman to purchase animals that will best suit 
his needs, or deal with a reliable commission firm that is acquainted 
with his conditions. By following the various market reports the 
feeder can tell approximately when his cattle can be marketed to 

greatest advantage. The steers should be fed so as to be finished at 
that time. When the steers are ready for market, it is usually not 

advisable to hold for better prices unless they continue to gain in 
weight and condition. The extra feed consumed by finished cattle 
will soon more than offset any ordinary increase in price that may 
be obtained. When they are almost finished the owner should watch 
the market reports and communicate with his commission man to 
determine the date of shipment.’’ 

The droppings of the steer are an excellent index of the progress 
of fattening. While they should never be hard, they should still be 

thick enough to ‘‘pile up’’ and have that unctuous appearance which 
indicates a healthy action of the liver. There is an odor from the 

"TJ, S. Dept. Agr., Farmers’ Bul. 588. 
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droppings of thrifty, well-fed steers known and quickly recognized 

by every good feeder. Thin droppings and those with a sour smell 

indicate something wrong in the feed yard. The conduct of the steer 

is a further guide in marking the progress of fattening. The man- 
ner in which he approaches the feed box; his quiet pose while rumi- 
nating and audible breathing when lying down, showing the lungs 
cramped by the well-filled paunch; the quiet eye which stands full 
from the fattening socket; the oily coat,—all are points that awaken 

the interest, admiration, and satisfaction of the successful feeder. 
812. Order and quiet.—On these important points Mumford™ writes: 

‘“As soon as the fattening process begins, the cattle should be fed at 
certain hours and in the same way. This cannot be varied 15 minutes 

without some detriment to the cattle. The extent of injury will depend 
upon the frequeney and extent of irregularity. . . The even-tempered 

attendant who is quiet in manner and movement invariably proves 
more satisfactory than the erratic, bustling, noisy one. The cattle 

soon learn to have confidence in the former and welcome his coming 
among them, while they are always suspicious of the latter, never 

feeling quite at ease when he is in sight. Under the management of 
the former, the cattle become tame and quiet, even tho more or less 

wild at the outset; while under the latter, wild cattle become wilder 

and tame cattle become timid. The writer has observed a wide difference 
in practice among feeders as to their manner of approaching fattening 

steers. Some are brusque in manner, rushing up to the steers and 
searing them up quickly, while other (and I am bound to say more 

successful) feeders approach the cattle with the greatest care and 

consideration, getting the cattle up, if at all, as quietly as possible. 
Pastures for cattle in quiet, secluded places are more valuable for fatten- 

ing cattle than are those adjacent to the public roads or adjoining pas- 

tures where horses or breeding cattle run.’’ (112) 
813. The eye of the master.—The ability to fatten cattle rapidly and 

profitably is a gift, to be increased and strengthened by experience and 

study. The ability to carry a steer through a six months’ fattening 

period without once getting him ‘‘off feed’’ is possessed by many a stock- 

man; but how this faculty is attained is something he cannot well impart 

to others. In general, when the steer has reached full feed, all the 

erain he will readily consume should be supplied, but any left in the 

feed box, to be breathed over, is worse than wasted. Many experienced 

feeders follow the rule, ‘‘Keep the feed always a little better than the 

eattle.’? As has been shown (735), this means that the preparation 

of the feed is increased as the fattening progresses. Likewise as the 

animal advances in flesh there is greater benefit from adding a nitro- 

genous concentrate, such as cottonseed or linseed meal to a ration which 

is already fairly well balanced. (732) 

Seouring, the bane of the stock feeder, should be earefully avoided, 

Beef Production. pp. 92-3. 
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since a single day’s laxness will cut off a week’s gain. This trouble is 

generally induced by over-feeding, by unwholesome food, or by a faulty 

combination in the ration. Over-feeding comes from a desire of the 
attendant to push his cattle to better gains, or from carelessness and 

irregularity in measuring out the feed supply. The ideal stockman has 
a quick discernment which takes in every animal in the feed lot at a 
glance, and a quiet judgment which guides the hand in dealing out feed 

ample for the wants of all, but not a pound excess. Cattle of the same 
age, or at least those of equal size and strength, should be fed in the 
same enclosure. Weak animals, and those unable for any reason to 

erowd to the feed trough and get their share, should be placed where 
they can be supplied in quiet. 

Il. Mernops or Beer PropuctTion 

814. Fattening cattle on pasture——Whether the feeder should finish 
his cattle during the winter and spring in the dry lot or carry them 
thru the winter to be fattened on pasture in the summer will depend 

first of all on the relative cost of pasturage compared with hay, silage, 

and other roughage. In the grazing regions cattle are commonly sold 

at the close of the pasture season, when if the grass has been good many 

are fat enough to be sold as killers, while the rest will go into feed lots 

to be fattened further. On farms where land is high-priced and there 
is little waste land the tendency is to fatten feeders in the dry lot, since 
under these conditions corn silage may be cheaper than pasturage. 
This is shown in a trial by Bliss and Lee at the Nebraska Station" 

in which one lot of steers were fed on pasture from June 1 to Sep- 
tember 10 and another lot given corn silage in a dry lot, both getting 
a concentrate mixture of 4 parts corn and 1 part cold-pressed cotton- 

seed cake. The steers fed silage made as large gains as those on pas- 
ture and only one-fourth as much land was needed to produce the silage 

as was required for pasture. Mumford and Hall of the Illinois Sta- 
tion,’’ from extensive inquiries in that state, report that cattlemen esti- 
mate the daily increase per head of steers during the grazing season 
at 1.66 lbs. for yearlings and 1.87 lbs. for 2-yr.-olds. 

Waters of the Missouri Station,’® gathering statistics from more than 

1,000 successful cattlemen in Missouri, Illinois, and Iowa, found the 

average gains from cattle pastured for the 6-months period, May 1 to 
November 1, to be as follows: 

Average gain of steers for the 6-months season on grass 
By yearlings By 2-yr.-olds 

State Per month Per season Per month Per season 
Lbs. bs. Lbs. Lbs. 

MiSSOUTI a. 5 ure ee iden cars 47 282 53 318 
LOC ot Sn ee Od Dab oe heels cee 48 288 52 312 
TINGS See ee eee ee es Fos 45 270 52 312 

“Nebr. Rpt. 1913. ST Cina. 9: *®Mo. Cir. 24. 
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Assuming a pasture charge for yearlings of 75 cents per month, their 

gains cost approximately $1.60 per 100 lbs., while the 2-yr.-olds at a 

pasture charge of $1 per month would put on gains costing but little 

over $1.90 per 100 lbs. When we reflect that gains made by steers in 

winter cost from $6 to $10 per 100 lbs. the importance of wisely and 

fully utilizing the pastures in summer is apparent. 
Skinner and Cochel of the Indiana Station’? found thru extensive 

inquiry that in Indiana during summer feeding each grain-fed steer 

erazed over 1.1 acres of land on the average. Where no grain was given, 

each steer grazed over about 2 acres. 
Lloyd of the Mississippi Station® reports that 2-yr.-old heifers, fed 

a light ration during the winter, when turned to pasture gained 1.3 

Ibs. each daily for 178 days on pasture alone. Steers of the same age, 

thin in flesh when turned to pasture, made daily gains of 1.4 lbs. for 

178 days, while those full fed the previous winter gained but 0.8 lb. each 

day during 158 days. 
815. Summer vs. winter feeding.—Waters of the Missouri Station’ 

reports the gains in 3 summer and 5 winter feeding trials as follows: 

Summer Winter 

INbialescwehiricioen hsvgsoon cori or seeders cane shar 88 105 
Average length of feeding period, days................-- 209 107 
Concentrates per 100 Ibs. of gain, Ibs..................-- 814 999 
Roughage per 100 lbs, of gain, Ibs... 0. 3 soe ee oe grass 382 
Average daily gain per steer, Ibs. -....) 2-52 42.- +2 ate 2.37 2.18 

Because of the longer feeding period the summer-fed cattle were much 

fatter than those fed in winter. Despite this the summer gains were 

made on 18.5 per ct. less grain. 

Mumford and Hall of the Illinois Station,*° from extensive corre- 

spondence with feeders of their state, conclude that a bushel of corn will 

produce: 
Gain in winter Gain in summer 

feed lot on pasture 

Wilt ae Calves meaner terteaae ce cnri Mie sete rere cena 8.9 pounds 10.0 pounds 

Withey.earlings’s 2 a.2sekt acs ine Moca we teat omnes 6.5 pounds 7.6 pounds 

Wath 2ayr-Oldss,.. Jets t@ os om apd atcnee en enone 5.4 pounds 6.8 pounds 

Waters?! sets forth the following advantages of fattening on pasture 

compared with finishing cattle in the dry lot: 

Grass is cheaper than hay. 
Summer gains require less grain than winter gains. 
Steers fatten more quickly and can be made thick and prime on corn and grass with 

greater certainty, more uniformity, and the smaller use of expensive supplements like 

cottonseed meal and linseed meal. 
Hogs following the steers make larger gains, and return more profit, with a lower 

death rate. 
In summer the grain only is drawn; there is no roughage to handle. 
The steers are usually fed but once daily. 
The manure is scattered by the cattle themselves. 

816. Feeding concentrates on pasture——When cattle are finished on 

pasture no concentrates at all may be fed, a small allowance may be 

“Ind, Cir. 12. “Miss. Rpt. 1903. “Mo. Bul. 76. Ill. Cir. 88. *Mo, Cir, 24, 
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given during the entire pasture period, concentrates may be fed during 
only the last few weeks, or an unlimited allowance of grain may be given 
thruout the entire period. Except under range conditions and in certain 
districts, as in the bluegrass region of Virginia, where the pastures are 
unusually nutritious, it will usually pay to feed some grain in addition to 
pasture. As Waters” points out, the cheapness of gains on grass alone 
is offset by the low selling value of the cattle, because they are not 
usually fat enough to market and must be sold as feeders with sufficient 
margin for the buyer to profitably fit them for market. 

817. Feeding supplements with corn on bluegrass pasture.—During 5 
years Mumford conducted extensive trials at the Missouri Station”? with 
high-grade beef steers of various ages to study the economy of feeding 

a nitrogenous supplement to animals full fed on corn and running on 

a good bluegrass pasture. In these trials a total of 126 yearlings, 55 
two-yr.-olds, and 51 three-yr.-olds were fattened. Each year the steers 

were turned to pasture May 1, and fed for 7 months, by which time the 

2-yr.-olds and 3-yr.-olds were finished while the yearlings in every 
instance required feeding for 40 to 60 days longer. The results secured 
in these trials are summarized in the following table: 

Feeding supplements with corn to steers on bluegrass pasture 

Gorn Corn and | Cornand | Corn and 
alone linseed |cottonseed| gluten 

meal meal feed 

Yearlings, av. of 5 years 
Ay. daily concentrate allowance, lbs........| 15.8 17.2 16.5 16.5 
Avadatlyacain,vlbSsuntaetiscacse so cute betas 2.0 2.2 2 Deo, 
Concentrates per pound gain, lbs........... 7.78 7.76 7.67 7.64 
Heedicost.per LOO lbs: gain*. <..25.. 5... ..-..<: $6.55 | $7.21 | $7.09 | $6.98 

Two-yr.-olds, av. of 2 years 
Av. daily concentrate allowance, Ibs........} 20.1 20.4 21 QUE ne 
Ava aillya cain wlbs \hiSeseren cise e cide cane Sacre s 2.5 2.7 PALO MN se ear 
Concentrates per pound gain, Ibs........... 7.98 7.64 Olle each sree 
Feed cost per 100 lbs. gain*................ $6 .71 CEOS) flo S8e ce eee 

Three-yr.-olds, av. of 2 years 
Av. daily concentrate allowance, Ibs........} 23.1 24.9 Ps Tapia | perce tea 
PVG tha main, MDS ees i cise eye Ne sein.) aioe eau 2.3 2.8 DSR Age lela 
Concentrates per pound gain, Ibs........... 10.13 Sed OS areas s,. 
Heed cost per 100Nbs: gain*.. 5... 25.6. . 42: $8.38 | $7.96 | $8.39 | ..... 

*Shelled corn, 40 cents per bu.; linseed meal, $28; cottonseed meal, $24; and gluten feed, $22 per ton; 
pasture—yearlings, 60 cents, and older cattle, 75 cents per moath. 

Since immature grass, such as is usually eaten by grazing animals, is 
much richer in protein than grass at the stage when cut for hay, corn 

and bluegrass pasture alone make a fairly well-balanced ration for the 
fattening steer. (800) Adding a nitrogenous concentrate, however, in- 

ereased both the consumption of feed and the rate of gain with all the 
ages. With the exception of the 3-yr.-old steers, fed corn and linseed 
meal, the lots receiving the supplements required about as much feed 
per pound gain as those fed corn alone, and with feed at the prices given 

Mo. Bul. 76. *°Mo. Bul. 90. 
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made more expensive gains. With the yearlings and 2-yr.-olds the 
greater feed-cost of the gains when a supplement was fed was, however, 
offset to a greater or less extent by the fact that the steers fed the 

supplements showed better finish at the close of the trial and would 
therefore sell for a higher price. The difference in gains between the 
steers fed corn alone and those receiving a supplement was greatest 
toward the close of the trial and with steers which were in the best flesh. 
Mumford concludes, ‘‘The results of our experiments for many years 
and with various rations and kinds of cattle clearly indicate the value 
of supplements in maintaining the appetite and in securing satisfactory 

gains during the last stages of the feeding period. The value of supple- 
ments during the first part of the feeding period has in many experi- 
ments been of doubtful economic value.’’ Obviously the higher the 

price of corn compared with the cost of the supplements, the greater 
the advantage from their use. While cottonseed meal gave slightly 
better returns with the yearlings than did linseed meal, the results were 

reversed with the older cattle. 
818. Hints on fattening cattle on pasture.—Care should always be taken 

in changing cattle from dry lot to pasture, especially where they are in 

good flesh, else they may not continue to gain or may even shrink 

severely. As young pasture grass is laxative, if silage or roots have 
been fed during the winter the allowance should be reduced or entirely 
withdrawn as soon as the cattle are turned to pasture. Dry roughage 
which is palatable should be fed during the change, for otherwise the 

eattle may refuse the dry feed, preferring the grass. When the cattle 

are turned to pasture early in the season and there is no dry grass 
standing over from the preceding fall, it is wise to leave them on pasture 

for only a short time the first day and increase the period gradually, 
else severe scouring may result. If grain has been fed during the winter 
it should be continued until the cattle are accustomed to grass. Where 

cattle are nearly finished by the time the pasture season opens they had 
best be finished in the dry lot, for if turned to pasture they will usually 
make much poorer gains. Shaw** recommends that cattle be kept from 
pasture unless they are to be fed at least 2 months before being 
marketed. 
When the corn crop matures before the cattle are finished for market 

they may be turned into the standing corn, hogs following to get the 

corn not eaten by the steers. Where this practice is followed the cattle 
should be accustomed to new corn by being fed gradually increasing 

amounts of new snapped, or ear corn, or corn fodder before being 

turned into the corn field. 
819. Baby beef.—The most intensive method of beef production is 

the fattening of calves as baby beef. Under this system beef calves are 

fattened as they grow, reaching a good finish when 16 to 18 months old 

and weighing about 1,100 lbs. or less. In the production of baby beef, 
“The Management and Feeding of Cattle, p. 174. 
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first of all, blocky calves of good beef type and conformation must be 
selected, for scrub or dairy-bred calves will not usually reach the desired 

maturity and finish at this early age. As Mumford” writes, profitable 

baby beef production requires experience, judgment, and skill of the 
highest order in the feeder. It is a mistake for the inexperienced to dip 
heavily into this art. To fatten young animals profitably, they must be 
good, they must be fed for a considerable time, and they must be made 
fat; this means that ‘‘tops’’? must be bought or bred. The most suc- 
cessful operators try to retain the ‘‘calf fat’’ or bloom of the young ealf. 
The calf should be in good condition when fattening begins and should 
be induced to consume considerable roughage of high quality, such as 

clover or alfalfa hay and silage, during winter and rich pasture grasses 
in summer. Shelled, crushed, or ground corn should be fed together with 
linseed meal, cottonseed meal, or other protein-rich concentrates. If 

the corn is given whole, hogs may profitably follow. Oats are one of 
the best of feeds with which to start the calf on its way to fattening. 
The tendeney of the calf and yearling is toward growth rather than 

fattening. In baby beef production the young things must fatten as 
they grow; this ean only be accomplished by the most liberal and ju- 
dicious feeding, since it is extremely difficult to get calves and yearlings 

sufficiently fat for the market requirements. Heifer calves mature more 
quickly and may be marketed earlier than steers. It is seldom possible 

or profitable to get spring calves ready for the baby beef market before 
July of the following year; more frequently they are not marketed until 

October, November, or December when approximately 18 months old. 
This system of beef production is best suited to corn-belt farms where 

pasture is relatively expensive, while corn is cheaper in price than in 
other sections of the country. (711-2) 

820. Economy of gains of calves fed for baby beef—At the Kansas 
Station?® Cottrell, Haney, and Elling placed 130 calves, just weaned, 
in the feed lot during the latter part of October. Sixty were grade 
Shorthorn, Hereford, and Angus range heifers. The rest were pur- 
chased locally or raised at the college farm. All were fed twice daily, 
getting all the grain and roughage they would clean up within 3 hours 

after feeding. They were sheltered by a common board shed open to 
the south and were fed for 7 months with the results shown below: 

Feed and 7-months’ gain of calves fed for baby beef 
Feed for 100 lbs. gain 

Av. gain Concen- Rough- 
Feed given per head trates age 

bs. bs. Lhs. 

Ohm Le eANt aah cya AAG COTM.) <iof,5- Seeo}ele es yds bs 407 470 544 
TiO rele Ne ir oug RSu yee CL KCALIT ooo). ela! ile) oie) sie) = 2 olny 379 524 626 
Lot III, Prairie hay, corn 24, and soy beans 14... 378 520 486 
Lot IV, Prairie hay, kafir 24, and soy beans 4... 342 594 539 
Lot V, Skim-milk calves—alfalfa hay andcorn.. 440 43 436 
Lot VI, Whole-milk calves—alfalfa hay and corn. 404 470 420 

IAVETa ee Ree eernorrcete aioe cia esc cuss sieeiai e's 392 503 509 

*Beef Production, pp. 76-82. *Kan. Bul. 113. 
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The surprisingly small amount of feed for 100 lbs. of gain will be 

noted. By the end of the following May, when from 12 to 14 months 

old, the entire lot averaged 800 lbs. in the college feed lot, and on ship- 
ping to Kansas City shrank 3 per ct. 

821. Fattening yearlings.—Less extreme than the feeding of calves 
for baby beef is finishing steers as yearlings, i.e., before they are 2 years 

old. Spring calves may be carried thru the first winter on roughage 
with but a small allowance of concentrates. However, the ration must be 

such as to keep them growing steadily. The second summer good pasture 

alone will be sufficient to put them into condition for the feed lot in 
the fall. 

Calves to be fattened as yearlings should be taught to eat grain before 
being weaned so that there may be no loss of condition at this time. 
Yearlings can hardly be finished in a 6-months winter feeding period, 
but require fattening for 8 to 10 months even if of good beef type. 
Skinner and Cochel conelude from 3 years’ trials at the Indiana Station?’ 
that it is ordinarily more profitable to complete the fattening in the feed 
lot, rather than turn the half-finished cattle out to grass in the spring, 
for larger and cheaper gains are thus made. (711-2) 

822. Fattening cattle 2 years old or older—Where pasturage is cheap. 
cattle are usually not marketed until 2 years old or older. They may 
be carried thru the first winter chiefly on roughage, or even entirely, 
if fed legume hay and other roughage of good quality. (799) On good 
pasture they will make good growth the following summer. If they are 
to be finished on grass early the third summer they will need a moder- 

ate allowance of concentrates the second winter. If to be sold in the 
fall or after finishing in the feed lot, little or no grain will be required 

provided good quality roughage is fed. 
According to Cochel,*® the system of beef production usually most 

profitable in western Kansas is to raise the calves on pasture the first 
summer, winter them on kafir, milo, or sorghum silage, alfalfa hay and 

straw or stover from the sorghums, with perhaps some cottonseed meal 

in addition, pasture the yearlings the second summer without feeding 
erain, carry them thru the second winter as before, and market the third 

summer from grass. With good pasture such eattle should reach a 
weight of about 1,050 lbs. and be fat enough to sell as fleshy feeders or 
fair killers. In other sections of the western grazing district a still 
more extensive system is yet followed, the steers not being sold until 
3 years of age. However, the tendency is ever toward hurrying the steer 

to the block, and while 4- and 5-yr.-old steers were once common on the 

range, but few now reach this age. 

“Ind. Bul. 142. SInformation to the authors. 



CHAPTER XXX 

GENERAL PROBLEMS IN SHEEP HUSBANDRY 

The sheep is the plant-seavenger of the farm. Because of its dainty 
manner of nibbling herbage we might suppose that its likes were few 
and dislikes many, yet nearly every plant at some period of its growth 

seems palatable and is freely eaten. No domestic or wild animal is 
capable of subsisting on more kinds of food. Grasses, shrubs, roots, 

the cereal grains, leaves, bark, and in times of scarcity fish and meat, 

all furnish subsistence to this wonderfully adaptive animal. In the 
great pine forests of Norway and Sweden! they will exist thru a hard 
winter by eating the pungent resinous evergreens. Among the Lap- 
landers, when other foods fail, they eat dried fish, the half-rotten flesh 

of the walrus, or even the very wool off each others’ backs. Low? reports 
that the sheep of the Shetland Islands feed upon the salty seaweed dur- 
ing winter, knowing by instinet the first ebbing of the tide, and that 

they are fed dried fish when normal foods are scarce. 

MeDonald* writes of the Iceland sheep: ‘‘The only kindness which 
these animals receive from their keepers in the winter is being fed on 
fish-bones and frozen offal, when their natural food is buried too deep 
even for their ingenuity and patience.’’ 

While sheep may exist under such conditions, we can expect good 

returns only when they are given proper feed and care. 
823. Place of sheep on the farm.—The organs of mastication and di- 

gestion indicate that plants in some form constitute the natural food 
of sheep. The cutting teeth in the lower jaw fit against the cartilag- 
inous pad above in such manner that, when feeding, the herbage is torn 

off rather than cut. While horses and cattle eat only about half. the 
plants considered weeds, less than one-tenth are refused by sheep. They 

even prefer some weeds, when yet succulent, to the common grasses. 
Sheep graze more closely than other stock, and if many are confined to 

one field every green thing is at length consumed. When closely pas- 

tured on ecut-over timber lands where the growth is not too rank they 
derive much nourishment from the leaves, bark, and twigs, destroying 

the brush nearly as effectively as goats. (8) The feces of the sheep show 

the finest grinding of any of the farm animals, and as they relish most 
weed seeds this further fits them as weed destroyers. As sheep graze, 
their droppings are distributed more uniformly than with other stock. 
At nightfall they instinctively seek the higher, usually poorer, land and 

1Sheep Husbandry, Killebrew, p. 6. *Cattle, Sheep and Deer. 

*Domestic Animals of the British Islands. 
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thus leave their droppings on areas where most needed. Thru increas- 

ing the fertility of the pastures it grazes, the sheep has won the title of 
“The Golden Hoof.’’ 

Only a relatively small investment is necessary to start in sheep hus- 
bandry, since the foundation animals cost but little and the flock in- 

creases rapidly. Sheep require neither expensive barns nor implements 
and only the minimum of care and attention during the busy summer 
season. In wool and in the flesh of her off-spring, the ewe gives double 
returns each year. With fair prices, the wool pays for her maintenance, 
leaving as profit all income from the lamb or lambs, after deducting the 
small cost of the additional feed and care they require. Returns come 
quickly, as lambs may be marketed 8 or 9 months after the ewes are bred. 
While surpassed by the pig in economy of meat production, the lamb 
requires less feed per pound of product than the steer. Because sheep 
readily consume food which would otherwise be wasted a flock will prove 
profitable on many farms where most of the revenue is derived from other 

sources. On rough or hilly land that cannot be economically tilled sheep 

may often be the main live stock of the farm. Tho the cost of mainte- 
nance is lowered thru their utilization of otherwise waste feed, one must 
not expect profitable production from such feed alone. 

824. Mutton breeds and Merinos compared.—The Merino sheep is pe- 
culiarly a wool-bearer, and nearly ail lines descended from the Spanish 
stock have been selected for that single purpose. The story of the Spanish 

Merino in its home country forms one of the most interesting chapters 

in the history of live stock.* In their pilgrimage from South to Central 
Spain each spring and their return in the fall the great Spanish flocks 
made annual journeys covering over a thousand miles. Only the strong- 

est and most rugged survived the long, fatiguing, perilous marches. The 
ability to exist in enormous flocks, to range over a vast territory, and 
to subsist upon seant food are the leading of the many remarkable quali- 
ties wrought by stern Fate into the very constitution of the Merino sheep. 

Almost opposite in several characteristics are the English mutton 
breeds, which have been reared in small flocks confined to limited pas- 
tures, the best specimens being saved and nurtured each year with in- 
telligent attention to all their wants. They have been sheltered from 

storms and liberally fed with rich roughage and grain in the sheepfold 
whenever the fields were scant of herbage or the weather severe. In 

general the life of the English mutton sheep has been one of quiet con- 
tentment and plenty almost to surfeit. In this country we cannot hope 

to attain the wonderful suecess reached by British flockmasters unless 

we closely follow or improve upon their methods. 

825. Size of the flock—The sheep is distinctly gregarious. The im- 
proved American Merino still shows the result of inheritance in its 
ability to exist in great flocks and thrive under the most ordinary con- 
ditions of care and keep. With reasonable oversight thousands of Mer- 

‘Low, Domestic Animals of the British Islands, Vol II. 
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ino sheep can be held in single bands where the range is ample, and for 
the brief period of fattening tens of thousands may be successfully fed 

together, as is still done with range sheep, carrying Merino blood, which 
are brought to feeding points in the western states and in the Missis- 
sippi valley. i 

In the humid regions, two hundred sheep of the mutton breeds are 

as many as can usually be successfully managed in one flock, and to 
secure the best returns from even this number one should have had pre- 
vious experience. The novice would better begin with a flock of 25, 
increasing the number as experience grows. When the farm is heavily 

stocked with sheep, increased vigilance is needed to prevent infestation 
with internal parasites and other troubles which are sure to threaten. 

826. A breed test—Wilson and Curtiss® at the Iowa Station fattened 
wethers of different breeds on the same rations in 2 trials, lasting 90 
and 105 days, respectively, with the results averaged in the table. In 

the first trial there were ten 12-months-old wethers in each lot and in 
the second 9, averaging 9 months of age. National Delaine Merinos were 
used in the first trial and Rambouillets in the second. 

Comparison of breeds for mutton and wool production 

Av. Avy. Feed for 100 lbs. gain Per cent | Av. wt. | Value 
Av. daily total |————_—_______—_—_—_|_ dressed of of 
wt. gain gain Grain | Hay | Roots | carcass fleece | fleece 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. | Dollars 

Southdown.....| 78 | 0.40 | 39.2 | 483 | 451 279 55.3 5.¢ | 0.70 
Shropshire......| 95 | 0.41 | 40.6 | 500 476 306 54 .6 8.3 | 1.04 
IDOTSCG =. 6. sss 92 | 0.45 | 44.8 | 485 | 494 | 286 53 .4 6.4 | 0.80 
bolsters itee. 105 | 0.47 | 46.3 | 492 493 280 53.1 6.4 | 0.81 
ORHOTOG oy. 6 as 107 | 0.46 | 45.2 | 499 500 | 311 52.6 9.5 | 1.30 
Leicester.......| 109 | 0.48 | 47.2 | 465 462 | 293 54.8 10.3 | 1.54 
Cotswold....... 102 | 0.55 | 54.5 | 418 411 249 54 .2 1173 | 1756 
Pincolnieys + 2-ny-1- 108 | 0.50 | 49.7 | 457 451 270 53.4 Ih i Gz 
Mienin Ose ays ss 78 | 0.82 | 32.4 | 573 509 345 50.7 8.2 | 0.87 

The large breeds—Leicester, Cotswold, and Lincoln—made somewhat 

the largest daily gains, the Merinos ranking lowest and consuming the 
most feed for 100 lbs. of gain. 

827. Breeds for crossing on western ewes.—To learn the value of the 
various crosses on western ewes, Wilson® of the South Dakota Station 

divided 60 Montana-bred yearling ewes into 6 lots, breeding each lot to 

an average-quality ram of one of the breeds shown in the table. The 
experiment ran 6 years, each lot being bred in successive years to a ram 

of each of the 6 ‘breeds. The lambs were grazed on bluegrass and rape 
pastures until freezing weather in the fall, and then fattened on a grain 
mixture of 100 lbs. shelled corn, 100 lbs. oats, and 25 lbs. linseed meal, 

with all the upland prairie hay they would eat. They were shorn before 

marketing in the spring. During the course of the experiment, some of 
the ewes in each lot were lost from various causes. 

SIowa Buls. 33, 35. SSE 1D) Teybul WPAr- 
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Value of rams of various breeds for crossing on western ewes 
Concentrates Value 

No. of Initial Daily for 100 lbs. of wool Dressed 
Breed of ram lambs fed weight ain gain per head carcass* 

Lbs. bs. Lbs. Dollars Per ct. 

Cotswold......... 55 CHE .36 524 iL 3} 52 .4 
Oxford Sn ee eee: 53 82 34 543 150 52.9 
Hampshire........ 55 80 31 587 1.37 53 .4 
Shropshire........ ON ie sok oto 1.36 53 .2 
Southdown....... 53 72 25 564 ikea ap} ak 
Rambouillet...... 53 7p 31 563 124 5a? 

*Average of 3 years. 
e 

The Cotswold lambs made the largest and most economical gains and 
led in value of fleece. In percentage of dressed carcass the Cotswolds 

were the lowest and the Rambouillets the highest. The general criti- 
cisms before slaughter were that the Cotswolds were too leggy and heavy, 

the Hampshires and Oxfords too heavy, and the Rambouillets not smooth 

enough. The Southdowns and Shropshires best met the demands of the 
market. 

Faville,”? at the Wyoming Station, mated 29 fine-wooled western ewes 
with a good Cotswold ram and another lot with a Southdown ram, and 
fattened the resulting lambs. The Cotswold grades made slightly larger 

and more economical gains, but the Southdowns gave a higher percentage 
of dressed carcass, worth more per pound. Carlyle and Iddings,® on 

fattening a lot of 139 Lincoln-Merino lambs and 161 Shropshire-Merinos 
at the Idaho Station, found that the latter made slightly larger gains, 
while the feed consumed per 100 lbs. gain was practically the same for 

both lots. 
828. Feeding grain before and after weaning.—At the Wisconsin Sta- 

tion,® Craig studied the profitableness of feeding grain to lambs before 
and after weaning when on good pasture. In 4 trials high-grade Shrop- 
shire lambs, early induced to eat various grains, were given all they 
would consume in a trough placed in a lamb-creep. (894) The following 
table summarizes the results secured before weaning, in periods averag- 

ing 10 weeks: 

Feeding various grains to lambs before weaning 
Initial Daily Total Concentrates for 

Average daily grain allowance weight gain gain 100 lbs. gain 
Lbs. Lbs. Lbs. Lbs. 

Lot. J, CormmmealsO:4:Ib* a oe ke 39 0.51 35.8 74 
Lot II, Whole oats, 0.4 Ib............. 44 0.53 37.0 78 
Lot ii. Wheat bran, 0'3ilb: 0). 2)5 43 0.48 33-0 71 
Lot IV, Cracked peas, 0.4 Ib........... 37 0.53 37 .0 81 

*Average of 5 trials. 

The large daily gain of over one-half pound made by these unweaned 
lambs and the small concentrate requirement in addition to the dam’s 
milk forcefully illustrate the great general principle that young, grow- 

ing animals give the best returns for feed consumed. All the different 
concentrates fed were found satisfactory. Corn fed alone gave good 

™Wyo. Bul. 95. ‘Idaho Bul. 77. "Wis. Rpts. 1896, 1903. 
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returns, especially when cost was considered, the dam’s milk supplement- 

ing this highly carbonaceous grain. From these and other careful 
studies, Craig reached the following conclusions: 

‘‘The continuous grain feeding from birth until the lambs were about 
10 months old did not produce any noticeable difference in the carcasses 
in respect to the mixture of fat and lean, but materially influenced the 
early maturity of the lambs. The lambs so fed attained a given weight 

from 4 to 7 weeks sooner than those fed no grain before weaning and 
required about the same amount of grain for the same increase in weight. 
When lambs are fed grain continuously from birth they are fit for the 
market at any time, so that advantage may be taken of any favorable 

fluctuation that may occur in prices. When the lambs are to be sold at 

weaning time in July at the age of 3 or 4 months, or in November when 
about 7 months old, it will pay to feed them grain.’’ 

The unlimited feeding of grain after weaning led the lambs to eat 
less pasture. One-half pound of grain per head daily is the greatest 

amount that was found profitable to feed at this time. 
829. Soiling ewes and lambs.—Because of their daintiness and the 

large variety of plants they crop if opportunity offers, it is usually 

undesirable to maintain sheep on soilage. However, desiring to ascer- 
tain, regardless of cost, the amount of food required by sheep for growth 
in summer, the senior author?’ conducted the following trial at the Wis- 
consin Station. Ten large Merino ewes were chosen, each with a vigor- 

ous lamb at foot 1 month old when the trial began, June 3. With pa- 
tience and laborious attention to details the shepherd fed the lot success- 
fully, obtaining the results given in the table: 

Feed required for 100 lbs. gain when soiling ewes and lambs 
Green Green corn Total dry 
clover fodder Hay Oats matter 

: Lbs. Lbs. Lbs. Lbs. Lbs. 

Ewes and lambs before weaning, 
ICG. CEH Gece Se ects Eno eeeee 1,806 1,366 4 45 850 

Lambs after weaning, 28 days..... ee 915 292 413 806 

When we remember that the ewes and lambs would have preferred to 
do their own foraging the amount of dry matter required per 100 Ibs. 
gain was most reasonable. When we further consider that, if allowed 
to graze, they would have eaten weeds and weed seeds as well as the 
better forage, we must conclude that the sheep is one of the most eco- 
nomical meat producers on the farm. 

830. Shearing lambs before fattening.—From trials covering 4 years 
at the Wisconsin Station™ Craig found that fall shearing, not later than 
October, was beneficial from the standpoint of size and economy of gains, 
when lambs that were 6 months old were to be prepared for the early 
winter market. With lambs fattened during a 3 or 4 month winter per- 
iod no advantage resulted. Tho more wool was obtained by shearing in 

10Wis. Rpt. 1890. "uWis. Rpt. 1904. 
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the fall and again in the spring, the market value of the 2 clippings was 
no greater than the single clip with its longer fibers. 

In a 13-week trial by F. B. Mumford at the Michigan Station,!? a lot 
of 10 lambs was shorn in November while another was left unshorn, both 
being fattened on a ration of clover hay and equal parts of corn and 

wheat. Both lots were kept in a barn, the window in the pen contain- 
ing the unshorn lambs being left open, while that in the pen of the shorn 
lambs was kept closed. Despite this care, the shorn lambs suffered from 

the cold. The shorn lambs ate 0.1 lb. more grain and 0.2 lb. more hay 

per head daily, yet made 30 per ct. less gain than those not shorn. Had 
the shorn lambs still warmer quarters, there undoubtedly would have 

been less difference in the returns. 
On account of the prevalence of the practice of shearing lambs before 

fattening. when they are to be fed late in the spring, Skinner and King 
fed 166 lambs for 60 days, beginning March 14, at the Indiana Sta- 

tion.1* Half were shorn when they had been on feed 10 days while the 
others carried their wool till 10 days before the close of the trial. The 
early-shorn lambs made neither larger nor more economical gains than 
the others. Undoubtedly if the weather grows very warm in the spring 
before lambs are finished, it will pay to remove their fleeces. 

831. Fattening sheep of different ages—At the Montana Station’ 

Shaw compared the fattening qualities of average western range lambs, 
1- and 2-yr.-old wethers, and aged ewes. Each lot of about 50 was fed 

whole barley and clover hay for 88 days with the following results: 

Fattening range sheep of different ages 
Average ration Av.wt. Av. Av. Feed for 100 Ibs. gain 

Clover atbe- daily tota Clover 
Age when fed Barley hey ginning gain gain Barley hay 

¥ Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Tams saute s sete eee eas: OR Za 63. 0.27% 23.7 253 763 
One-year-old wethers.... 0.7 3.8 95° O20 © #2325 256 1,413 
Two-year-old wethers... 0.7 4.1 116 0.28 24.3 248 1,469 
Aged ewes............. Ont, 223 92 0.18 15.6 387 1,320 

It will be observed that all lots, except the aged ewes, made practically 
the same daily and total gains. All were fed the same amount of grain, 
but the lambs ate only about half as much hay as the yearlings or 2-yr.- 

olds. Hence the gains of the lambs were much more economical. In 
other trials at the same Station,’> lambs made not only more economical 

but also more rapid gains than yearling wethers. It is generally unwise 

to feed yearlings for the block, since they are shedding teeth and there- 
fore not in condition to give the best returns for feed and care. Unless 
prices for wool rule high the stockman cannot afford to carry wethers 
past the period when they may be fed off as lambs. Culls can be pre- 
pared for the butcher at any time by the use of a little grain. In the 
vicinity of cities profitable sales can be made of fat culls at times when 
regular feeders have failed to supply the market. 

Mich. Bul. 128. Ind. Bul. 168. “Mont. Bul. 35. ®Mont. Buls. 47, 59. 
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The demand for well-fattened lambs grows, the tender, juicy, high- 
flavored meat finding increasing favor among Americans. Not only do 
prices for fat lambs rule high as compared with mature sheep and farm 
animals generally, but there are other advantages in feeding off lambs 
before they reach maturity. A given weight of feed goes further with 
lambs than with mature sheep; the money invested is sooner turned, and 

there is less risk from death and accident. Thus the tendency is toward 

marketing the lambs as rapidly as they can be satisfactorily sold. If 
lambs raised on farms are not sufficiently fat in late summer or early fall 

to meet the reasonable demands of the market, it shows a lack of feed 

and care, or that parasites have destroyed profits. Owing to their ten- 

dency to grow, lambs require a longer period to fatten than do mature 
wethers. Since they are not only making fat but also lean meat, the 
ration should be somewhat narrower, that is, contain more protein, than 
is needed for fattening mature sheep. However, a ration which is too 
narrow will unduly stimulate growth, and not give the requisite finish. 

832. Shelter for sheep—Above every other animal on the farm the 
sheep should be kept dry as to both coat and feet. Inattention to either 
of these essentials will result disastrously. With dry winter quarters 

sheep will stand a great degree of cold without injury. Their shelter 
should not be warm, compared with that of other farm animals, for sheep 

sweat badly in winter when confined in quarters sufficiently warm for 
dairy cows. One thickness of matched boards will make the barn or 
shed where sheep are confined sufficiently warm in the northern states 
except for winter lambs. Ample ventilation is of great importance, but 
drafts must be avoided. On the western plains, it is even more necessary 
to protect sheep from cold winds than from rain. Sunshine, good drain- 
age, and conveniences for feeding are the other requisites of a good sheep 
barn. When succulent feeds, such as wet beet pulp or silage, are fed 
the quarters must be especially well drained and the barn or shed well 
bedded. Stone basements are unsatisfactory for sheep on account of 
dampness, and if used good ventilation is especially necessary. Damp 
walls are a sure indication of lack of ventilation and impending trouble. 

In late spring and early summer when cold rains begin, the flock 
should be sheltered if possible, for exposure is dangerous, especially to 
young lambs. In the heat of summer if there is no natural shade in the 
pastures the fiock should have access to a darkened but well ventilated 
shed. A fringed curtain thru which the sheep force their entrance will 
keep back the flies from this retreat. (881) 

833. Winter quarters for fattening sheep.—aAt the Minnesota Station? 
Shaw fed eight 78-lb. lambs for 117 days in a yard sheltered from the 
wind by a low building at one side. A second lot was confined in a yard 
with an open shed for shelter, while a third was kept in a compartment 
of a barn ventilated by means of a large window facing the east. All 
lots were fed the same ration with the following results: 

*Minn. Bul. 44. 
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Effect of various methods of confinement on fattening lambs 
Feed for 100 lbs. gain 

Average Wheat 
Where fed daily gain screenings Oil meal Hay 

Lbs. Lbs. Lbs. Lbs. 

Lot oi Oumot Coorsa.c ee eee 0.28 804 90 316 
Lot II, in yard with shed......... 0.32 668 74 251 
ot Ti, wstables ..a snes. vente. 0.28 722 80 283 

Lot II, kept in a yard with an open shed, made the largest and the 

most economical gains, while Lot I, kept out of doors, made as good gains 

as those confined in the barn, but required slightly more feed for 100 
Ibs. of gain. 

Skinner and King found at the Indiana Station" that lambs fattened 
during the winter in an open shed and adjacent yard made 0.01 Ib. less 
daily gains and required slightly more feed for 100 Ibs. gain than others 
kept in a well-ventilated barn. But the lambs in the open shed were 
better finished, and sold for enough more to overbalance the slightly 
higher cost of gains. In a later trial the lambs fed in the open shed » 
consumed less feed per 100 Ibs. gain and again sold for a higher price 
than those fed in the barn. 

That shelter from rain is needed even in a moderate climate is shown 
in a trial by Mumford, Trowbridge, and Hackedorn at the Missouri Sta- 
tion'® in which yearling wethers fed in an open yard made smaller gains 

and required over 19 per et. more feed per 100 Ibs. gain than others 
which had access to a barn. In the northern states a dry, littered yard, 

having a sunny exposure, and provided with a well-bedded, comfortable 
shed opening to the east or south, extending along the windward side to 
break the cold winds and driving storms, is ideal for fattening sheep. In 
such quarters the air is bracing, the sunshine invigorating. Here the 
animals, heavy coated and filled with rich grain and roughage, are both 
warm and comfortable, and comfort is essential to the highest gains. 
In the arid regions, protection from driving winds and sandstorms is 
all that is essential. 

834, Exercise.—For the breeding flock abundant exercise thruout the 
year is essential. (111) That fattening sheep make better gains if allowed 
but limited exercise 1s shown by trials at the Wisconsin Station’? in 
which during 3 consecutive winters Humphrey and Kleinheinz kept one 

lot of 12 wether lambs in a dry, airy, well-lighted pen during fattening 
while another was turned out daily for exercise when the weather per- 

mitted. The results are averaged in the following table: 

Exercise vs. confinement for fattening wether lambs 
Average ration Av. daily Feed for 100 lbs. gain 

Grain Hay Roots gain Grain Hay Roots 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

EUXETCISCH hl. eicieene ileal 1.9 eax (O15 708 1,297 1,068 
Not exercised......... 1 1.9 1.4 0.17 618 1,113 899 

“Ind. Bul. 168; information to the authors. 

*Mo. Bul. 115, “Wis, Rpts, 1904-05. 
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In no case did these lambs make large or economical gains, for they 
were in better condition at the beginning than average feeder lambs and 
were not forced for the largest gains. The lambs given exercise made 

slightly smaller gains and required over 16 per ct. more feed for 100 lbs. 
gain than those more closely confined. 

835. Grinding grain; cutting or grinding hay.—Of all farm animals the 
sheep is best able to do its own grinding, and with few exceptions whole 
grain only should be furnished. (423) The common saying of feeders, 

‘fa sheep which cannot grind its own grain is not worth feeding,’’ is a 
truthful one. Valuable breeding sheep with poor teeth may be contin- 
ued in usefulness by being fed ground grain. In certain cases grinding 

may prove advantageous. At the Colorado Station*® Cooke, when feed- 
ing western sheep on wheat, observed that much of the grain passed 
thru the animals unbroken. As shown in the next chapter, it is well to 
grind such hard seeds as bald barley, millet, and screenings containing 

small weed seeds. 
From 4 trials testing the value of cutting and grinding alfalfa hay for 

fattening lambs, Morton of the Colorado Station ** concludes that when 

good quality long alfalfa hay is fed not enough is refused to warrant 
such preparation. When poor quality hay is used, cutting into three- 
fourth inch lengths may be profitable thru inducing closer consumption, 
provided the cost is not more than $1 per ton. Reducing such hay to 
meal may be warranted, if the cost is not more than $3 to $4 per ton. 

836. Self feeders; feed racks.—To save time and labor some feeders 
place quantities of grain sufficient for a week or more in a self feeder, 
a box so arranged that the grain passes down into the feed trough as 
rapidly as the sheep consume the supply below. Trials with self feeders 
by F. B. Mumford at the Michigan Station®? with ten 80-Ib. lambs in 
each lot, fed for 105 days, and by Shaw at the Minnesota Station” with 

eight 80-lb. lambs in each lot, fed for 117 days, are summarized in the 

table: 

Trials with self feeders for fattening lambs 

Average ration Av. : Ay. | Feed for 100 lbs. gain 

ivietitnals See | ——— ed | CET ap 
Grain Hay gain gain Grain Hay 

Mich igan Lbs. Lbs. Lbs. Lbs. Lbs. 

Self-fed...... Clommiy IAs Ghoudmigboaee 0.9 | 0.23 | 24.8 607 387 
Oramanyen ws) Corpmlcolbs: air oes osc: IRON ORS |FS2e8 481 334 
Self-fed......| Corn and bran, 1.8 Ibs..... 0:9 | 0.22 | 23.7 776 405 
Ordinary. ...| Corn and bran, 1.6 lbs..... 1.0 | 0.25 | 26.7 638 421 

Minnesota 
Self-fed...... Wheat screenings, 3.2 Ibs...| 0.5 | 0.35 | 41.6 908 130 
Ordinary. ...| Wheat screenings, 2.4 lbs...| 0.8 | 0.32 | 37.5 742 251 

*Colo. Bul. .32. Mich. Bul. 113. 

1Colo. Buls. 151, 187. Minn. Bul. 44. 
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In each trial the self feeder increased the feed consumed for 100 lbs. 
of gain. Mumford* concludes from tests covering 3 years, ‘‘Fattening 
lambs by means of a self feeder is an expensive practice, and economy of 
production requires more attention to the variation in the appetites of 
the animals than can be given by this method.’’ After a later trial with 
yearling wethers at the Missouri Station®® Mumford writes, ‘‘The ad- 
vantage of a self feeder even at a low price of corn is small, as it will 
be found necessary to feed by hand the first 5 or 6 weeks of the feeding 
period in order to accustom the sheep to a full feed of grain before them 
all the time.’’ Numerous observations show that the death rate is higher 
when self feeders are used. The more concentrated the grain, the greater 

the danger in feeding it thru the self feeder. Bulky wheat screenings 
have been satisfactorily fed in self feeders. 

From trials during 2 years Morton®® reports that under Colorado con- 
ditions, with lambs fattened in the open, self-feed hay racks, costing 

$1 per running foot and accommodating 4 lambs per foot, 2 on a side, 
saved sufficient hay, compared with feeding it on the ground outside the 
pens, to pay their cost in 3 seasons. It is well to construct hay racks so 
that chaff and seeds will not fall upon the necks of the sheep, since such 
material will work down into the wool, injuring its quality. 

Grain and roughage should be fed separately to sheep. If sheep are 
fed in close quarters the hay should be supphed daily, since they dislike 

provender that has been ‘‘blown on,’’ as shepherds say. In feeding sheep 
in open lots, as is done thruout the West, racks sufficiently large to hold 
roughage for several days are often used. Grain troughs should have 
a wide, flat bottom, forcing the sheep to consume the grain slowly. Fif- 

teen inches of linear trough space should be provided for each animal. 
837. Water.—Opinions as to the amount of water necessary for sheep 

vary more than with any other domestic animal. In countries with heavy 
dews and ample succulent feed in summer, and where roots are largely 

used in winter, water may possibly be denied sheep, but ordinarily it 
is a necessity. Because of the danger of infestation with internal para- 
sites, drinking from stagnant pools must be avoided. On the arid ranges 
of the Southwest, when grazing on certain succulent plants, like singed 
cacti, sheep sometimes go 60 days without water.** The wise shepherd will 
under all usual conditions see that his sheep are supplied with water daily. 

A sheep needs from 1 to 6 quarts of water daily, according to feed, 
temperature, and weather. Ewes suckling lambs, and sheep that are 
being fattened require more water than those being simply carried thru 
the winter. The following table presents data gathered at the Michi- 
gan?® and Colorado”? Stations on the amount of water consumed by 
fattening lambs, averaging about 80 lbs. at the beginning of the trials: 

“Mich. Bul. 128. ®Mich. Buls. 113, 128, 136. 
Mo. Bul. 115. ®Colo. Bul. 75. 

* Colo. Bul. 187. 

27Wilcox and Smith, Farmers’ Cyclopedia of Live Stock, p. 590. 
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Water drunk by lambs on various rations during fattening 
Water Water 

; Av. daily drunk drunk per No. of 
Rations gain daily 100 lbs. gain trials 

Peo Lbs. Lbs. Lbs. 
Michigan 

Grain and clover hay, open-yard feeding 0.22 1.4 599 1 
Grain and clover hay................ 0.28 2.8 979 8 
Grain, roots, and clover hay......... 0.36 1.9 540 3 
Clover hay and sugar beets.......... 0.13 0.3 314 1 

Colorado 
Grain and alfalfa hay (cold water) ... . 0.36 5 1,423 2 
Grain and alfalfa hay (warm water) ... 0.36 Be 1,514 2 

Adding roots to the ration greatly decreased the water requirement, 

the lambs fed clover hay and unlimited sugar beets drinking only 0.3 

Ib. each daily. Lambs fed in an open yard required less water than those 
in confinement, due probably to the lower temperature outside. Supply- 
ing lambs fattening on alfalfa hay and grain with warm instead of cold 
water made no difference either in the quantity of water drunk or in the 
rate and economy of the gains produced. 

Gray and Ridgeway of the Alabama Station®® found that in late sum- 

mer ewes in confinement drank 2.5 lbs. of water each while living on 
green sorghum forage, and 6.1 lbs. when on cottonseed meal and hulls. 
(103) 

838. Salt—Sheep require salt, which should be available at all times, 
for an irregular supply induces scouring. In winter it may be given in 

a trough used only for this purpose. In summer salt may be rendered 
doubly useful by scattering it on sprouts growing about stumps, on brush 
patches, or over noxious weeds. Some western sheep raisers never salt 

their sheep but allow them to eat alkali, which is safe when it contains 
80 per ct. salt.*! It is believed that salted sheep are less liable to become 
locoed. 

In an experiment in France*? in which 3 lots of sheep were fed the 
same ration of hay, straw, potatoes, and beans, those receiving a daily 

allowance of 0.5 oz. of salt with their feed gained 4.5 lbs. more per head 
than those fed no salt, and 1.25 lbs. more than those fed 0.75 oz. per 
head daily. This indicates that sheep may be given too much as well 
as too little salt. The fleeces of the salt-fed sheep were better and heavier 
than those fed no salt. (101) 

839. Weight and gains of fattened wethers.——By far the most compre- 
hensive data on the weights and gains of fattened wethers of different 
ages and from the various breeds are furnished by the records of the ani- 
mals winning prizes at the Smithfield Club Show, London, England. 
Below are presented these data for the years 1895 to 1912, inclusive.** 
As given in these records the daily gain includes the weight of the ani- 

mal at birth. 

* Ala. Bul. 148. 

%Wileox and Smith, Farmer’s Cyclopedia of Live Stock, p. 590. 

Abs. in Agr. Jour. and Min. Rec. 5 (1902), p. 361. 

8Lond. Live Stock Jour., Vols. 42-76. 
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Weight of prize-winning wethers at Smithfield 

Wether lambs Yearling wethers 

Av. Av. 
sic Number a ad daily ||/Number ana ead daily 

gain gain 

Middle-wool Days | Lbs. Lbs. Days Lbs. Lbs. 

Cheviot eee 35 238 141 | 0.59 53 592 224 | 0.37 
Dorsetereee eee 49 331 200 | 0.60 23 679 261 | 0.38 
Hampshire............} 94 309 208 | 0.67 78 | 661 282 | 0.42 
Mountains se cere: 36 232 1382 | 0.56 60 591 197 | 05388 
Oxtordier =. oe ee 56 298 196 | 0.66 53 649 285 | 0.44 
hropshite... 2.2 oss. 57 266 159 | 0.58 58 | 636 | 2538 | 0.39 
Southdown............ 99 286 150 | 0.52 |} 105 | 687 | 202 | 0.31 
SO aa noe one 76 287 201 | 0.70 56 648 291 | 0.44 

Long-wool 
G@otswoldss2. sae: 25 276 188 | 0.68 15 624 292 | 0.46 
DEVOne ee comics A2 276 188 | 0.68 28 625 268 | 0.42 
ISentern cate trees 73 250 160 | 0.64 65 606 267 | 0.44 
Leicester.............. 54 247 157 | 0.64 59 607 273 | 0.45 
lhincolne tee aa aS 290 209 | 0.72 55 639 334 | 0.52 

The greater economy of the gains made by lambs is shown by the fact 

that the lambs made daily gains ranging from 0.52 lb. to 0.72 lb., while 
those of the yearlings were considerably lower, ranging from 0.31 to 0.52 

Ib. per head daily. 
840. Weight of fattened sheep.—The weights of fat sheep of the sev- 

eral breeds competing for prizes at the American Fat-Stock Show, Chi- 
cago, during the years 1878 to 1884, inclusive,** were as follows: 

_ Weights of fat sheep of various breeds—American Fat-Stock Show 

Wethers 

Breed Under 1 year and 2 years Under year and 2 years 
1 year munder or over 1 year under or over 

years 2 years 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Cotswoldeeene |e 142 199 258 127 235 213 
Other long wools........ Wo 239 263 112 204 238 
pouthdowns..:..26.252- 119 172 205 97 130 169 
Other middle wools...... 117 181 223 87 208 211 
American Merino........ 79 112 137 52 7183 101 
Grades or crosses........ 118 188 221 122 165 213 

In most instances the ewes of a given breed and age were somewhat 
lighter in weight than the wethers. 

841. Slaughter tests; dressing percentage.—The records of the slaugh- 
ter competitions at the Smithfield Club Show*® also furnish the most 
extensive data available on the dressing percentage, and weight of in- 
ternal fat, pluck (heart, liver, and lungs), and skin for wethers of the 
different breeds. In the following table are averaged the results of these 
‘‘block’’ tests for 20 years, 1895-1914 inclusive. 

“Trans. Dept. Agr., Ill., 1884, p. 228. 

“Lond. Live Stock Jour., Vols. 42-80. 
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Smithfield slaughter tests 

Breed and age Av. live | Av. wt. of | Av.perct.| Ay. wt, | AV- wt-| Av. wt. | No. of 
wt. at dressed | of dressed | of fat Co) of skin |animals 

slaughter carcass carcass pluck 

Lbs. Lbs Lbs. Lbs Lbs 

Blackfaced, lambs. ....... 116 71 61 6.6 | 3.7 | 14.6 a 
Blackfaced, 1-2 years..... 171 110 64 9.0} 4.4 | 18.6 16 
Cheviot, lambs........... 113 67 59 ast || wade | We 54 
Cheviot, 1-2 years........ 147 94 64 6.9 | 4.4 | 14.3 68 
Hampshire, lambs........ 163 102 63 Oe2) | oe LP L5G 54 
Hampshire, 1—2 years..... 209 135 65 6.8 | 6.0 | 15.8 30 
Kentwlambss 4. sabia os 141 85 60 I) PF |) Gy 0) |) alg) 4 5 
Kent, 1-2 years.......... 242 155 64 SEO GON e270 2 
Shropshire, 1-2 years.....| 259 175 68 GeZle. Oln|) 252) 4 
Southdown, lambs........ 123 76 62 4.3) 3.9 | 10.8 54 
Southdown, 1-2 years.....}| 142 92 65 6.2 | 4.1 | 12.0 45 
SutolkelambSaatsesss sacs) Loz 95 62 CD |) BO | Uso |) 1! 
Suffolk, 1-2 years........ 188 121 64 LONGHoRien| LARS 43 
Welsh, 1-2 years......... 121 74. 61 ated || @ioek | whhO 14 
Cross-bred, lambs........ 129 79 61 SEO eae en loeze|aelOG 
Cross-bred, 1-2 years.....} 161 102 63 So) | OLOM | 4as Se |e Or 

It will be noted that the yearlings yielded a slightly higher percent- 

age of dressed careass than the lambs. These wethers were thoroly fin- 
ished, and thus their dressing percentage is higher than with sheep as 

usually fattened for the market. A survey of the experiments at the 
various stations in which slaughter tests have been conducted with the 

animals fattened shows that the usual dressing percentage of lambs or 

yearlings ranges from 48 to 57 per ct., depending on how completely the 
animals were fattened. 

842. Shrinkage in shipping.—During 4 winters Linfield of the Mon- 
tana Station®® fattened average range lambs and 2-yr.-old wethers on 
clover hay and grain, shipping them from Bozeman to Chicago, a distance 
of about 1,440 miles. Lambs, averaging 87.5 lbs. when shipped, shrank 
7.6 per ct. on the average, the range being 4.6 to 8.7 per ct. The 2-yr.-old 
wethers shrank somewhat less, averaging 6.8 per ect., with a range of 

5.1 to 8.6 per ct. The older sheep yielded 2.2 per ct. more dressed carcass. 
Shaw*? states that fattened lambs weighing under 100 lbs., when 4 

days in transit, will shrink 7 to 8 Ibs.; 1-yr.-old wethers weighing about 
120 Ibs., approximately 10 lbs.; and aged wethers and ewes about 12 

Ibs. On shipping lambs fattened in 4 trials on corn and either clover 
hay, alfalfa hay, corn stover, soybean straw, or timothy hay, with and 
without the addition of a nitrogenous supplement, Carmichael and Ham- 
mond of the Ohio Station** found no variation in shrinkage attributable 
to the ration. Lambs shipped 135 to 149 miles shrank 1.3 to 6.8 per ct. 
When sheep are marketed off pasture, especially rape, excessive shrink- 

age from scouring may be prevented by giving dry feed for a day or 
more prior to shipping. The grain ration should be decreased previous 

Mont. Buls. 47, 59. * Ohio Buls. 187, 245. 

“Management and Feeding of Sheep, p. 365. 
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to shipping for the same reason. Shaw*® regards oats as the safest con- 
centrate to feed sheep when in transit. 

843. Wool production.—A general discussion of the nutrients required 
for wool production has been given in an earlier chapter. (151-2) Soil 
and climate produce marked effects on the characteristics of sheep, as 
shown by Brown*® in his study of the evolution of the various English 

breeds. The rich lowlands of England with their abundant, nutritious 
grasses produced the heavy-bodied, plethoric Long-wools, the next higher 
lands with less abundant herbage furnished the Downs and Middle-wools, 
while the mountains with scanty herbage produced the active, still lighter 
breeds. Coleman‘! states that the peculiar luster of the Lincoln wool 
diminishes when these sheep pass to a less congenial soil, and that wool 

in certain districts of Yorkshire brings a higher price than that of other 

localities, due to the favorable influence of soil and climate. He further 

states that limestone soils, otherwise peculiarly suited to sheep, tend to 

harshness in wool which renders it less valuable than that from sheep 
living on clays or gravels. 

To prevent injury to the wool, feeding racks should be so constructed 
that seeds and chaff will not lodge on the neck and shoulders of the sheep, 

and the feed lot or barn must be well bedded so that the wool will not 
become soiled. 

Weiske and Dehmel*? found that sheep shorn 6 times a year produced 
less unwashed wool, but nearly 25 per ct. more pure wool fiber than those 

shorn annually, but such short wool is of low value. 

° Management and Feeding of Sheep, p. 361. 

“British Sheep Farming. . 

Cattle, Sheep, and Pigs of Great Britain. 

“Futterungslehre, 1872, p. 511. 



CHAPTER XXXI 

FEEDS FOR SHEEP 

I. CoNCENTRATES FOR SHEEP 

In the following articles, which discuss the value of various feeding 

stuffs for sheep, especially for fattening animals, it will be noted that 
nearly all the trials reviewed were with lambs. This is due to the facts, 
already pointed out, that lambs make better use of their feed and that 
their flesh is in greater demand. (831) In all trials where the weight — 
of the lambs and duration of the fattening period are not stated, it may 
be assumed that either western lambs weighing about 65 lbs. or eastern 
lambs of about 80 lbs. were used, and that the feeding period covered 
from 12 to 15 weeks. 

844, Indian corn.—Corn, the best single grain for fattening sheep, is 
the cereal most commonly used over the United States as far west as 

Colorado, beyond which wheat and barley are more generally fed. Leg- 
ume hay, rich in protein, admirably supplements this carbonaceous 
grain. Hence, the combination of corn and legume hay has become a 

standard ration for fattening sheep over a large extent of our country. 
In this chapter, so far as possible, other rations are compared with this 

successful combination. To show the possibilities of this ration, below 
are averaged the results from 8 stations with 26 lots, including 527 lambs. 
which were fed an unlimited allowance of shelled corn and either clover 
or alfalfa hay, for periods averaging 90 days. The results are also given 
from 4 stations at which 17 lots, including 1,180 lambs, were fed a 
limited allowance of shelled corn (from 0.7 to 1.1 lbs. per head daily), 
with the same roughages, in trials averaging 92 days. 

Corn and legume hay for fattening lambs 
Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Corn Hay 
Lbs. Lbs. Lbs. Lbs. 

Corn allowance unlimited 
Shelled corn, 1.3 lbs. 

Clover or alfalfa hay, 1.4 Ibs......... 67 0.32 400 436 
Corn allowance limited 

Shelled corn, 0.9 lb. 
Clover or alfalfa hay, 2.1lbs......... 60 0.32 288 655 

The lambs given a full feed of corn consumed an average ration otf 
1.3 Ibs. shelled corn and 1.4 lbs. clover or alfalfa hay and gained 0.32 
lb. per head daily, requiring 400 lbs. shelled corn and 436 lbs. hay per 
100 lbs. gain. Due probably to the superior quality of the hay fed, the 
lambs getting the limited corn allowance made as good gains as those 

521 
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on a full feed of corn. These lambs required 655 lbs. of hay and only 
288 lbs. of corn for 100 lbs. of gain. From these averages, the feeder 
may readily caleulate the cost and possible profits of fattening lambs 
under reasonably favorable conditions, and when the fattening period 
is not too extended. (201-7) 

845. Corn requires supplement.—Owing to its carbonaceous character 
corn should be supplemented with some variety of legume hay, or if 
this is not available then with some protein-rich concentrate, even when 
fed to fattening sheep or lambs. (201) 

This is shown in the following table, in the first division of which are 
summarized the results of 7 trials, averaging 81 days, in each of which 

corn was fed with clover or alfalfa hay to one lot of lambs and with tim- 

othy or prairie hay to another lot. In the second division are given 
the results of 4 trials, averaging 80 days, in which the effect of adding 

linseed or cottonseed meal to a ration of corn and timothy hay was 
studied. Thus, the first division shows the value of supplementing corn 
with legume hay, and the second, of adding a nitrogenous concentrate 

to a ration of corn and carbonaceous hay. 

Corn requires supplement for fattening lambs 

Feed for 100 Ibs. Zain 

Average ration Initial Daily 
weight gain Concen- Hay 

trates 

Lbs. Lbs. Lbs. Lhs. 

Legume hay as supplement to corn* 
Unbalanced ration, 164 lambs 

Corn, 0.9 lb. 
Carbonaceous hay, 1.0 Ib.............. 59 0.19 497 547 

Balanced ration, 172 lambs 
Corn, 1.1 Ibs. 

Leoumeihayaleodbs-ees sees or 59 0.32 340 475 

Nitrogenous concentrate as supplement to cornt 
Unbalanced ration, 90 lambs 

Corn, 1.2 lbs. 
Timothy hay; L-Olbie ya ane eee pes 64 0.23 520 448 

Balanced ration, 90 lambs 
Corn, 1.2 Ibs. 
Cotton- or linseed meal, 0.2 lb. | | 

Timothy hay, 1.0 lb.................- 64 0.30 463 | 334 
*Average of 1 trial by Burnett (Nebr. Bul. 66), 1 by Emery (Wyo. Bul. 51), 1 by I'aville (Wyo. Bul. 85), 

1 by Morton (Wyo. Bul. 73), and 3 by Skinner and King (Ind. Bul. 162). 
+Average of 1 trial by Carmichael and Hammond (Ohio Bul. 245), 1 by Hays (Minn. Bul. 31), and 2 

by Skinner and King (Ind. Bul. 162). 

While the lambs fed corn with carbonaceous timothy or prairie hay 
gained only 0.19 lb. per head daily, those fed corn with legume hay, 

either clover or alfalfa gained 0.32 lb. The lambs on the unbalanced 
ration required 46 per ct. more grain and 15 per ct. more hay than those 
on Jegume hay. 

Supplementing the carbonaceous ration of corn and timothy hay with 
0.18 lh. of protein-rich cotton- or linseed meal per head daily, increased 



FEEDS FOR SHEEP 523 

the gains and lowered the amount of feed required for 100 lbs. gain. 
Lambs will go off feed more readily when corn is fed without being 
properly supplemented by some protein-rich feed. On the other hand, 
in these trials the lambs fed corn and legume hay or corn, carbonaceous 

hay, and a nitrogenous supplement had good appetites at all times. 
846. Corn alone and in combination.—Altho corn and legume hay alone 

have given excellent results in numerous experiments and in extensive 

commercial feeding, many maintain that the animals have better appe- 
tites and are less subject to digestive disorders when a variety of grains 
is used, especially toward the close of the fattening period, or when 
lambs are being forced on heavy grain allowances. Without question, 
mixing a more bulky concentrate, such as oats or wheat bran, with corn 

is advisable to prevent digestive trouble in starting animals on feed. 
Whether there is any benefit in adding other feeds to corn for the sake 
of variety when the lambs are on full feed seems to be an unsettled ques- 
tion, for in trials reviewed later (851), the Indiana Station secured just 
as good results with corn as the sole concentrate, when fed with clover 
hay and corn silage, as with a combination of corn and oats. Much of 

the trouble experienced in feeding corn as the sole concentrate is due 
to its improper use with carbonaceous roughage without any nitrogenous 
supplement. 

At the Wisconsin Station Craig’ fed lambs grazing on bluegrass pasture 
corn meal alone, corn meal and oats, or corn meal and peas for 8 weeks be- 
fore weaning and for the same period after weaning. The lambs fed corn 
meal alone made the largest and most economical gains before weaning, 

and as large and economical gains as the other lots after weaning. In 
this case, the needed protein came from the dam’s milk and the pasture 
grass. 

847. Feeding corn in various forms.—To determine the relative efficiency 
of different methods of preparing corn for fattening lambs, Evvard? at 
the Iowa Station fed 6 lots, of 40 range lambs each, averaging 52 lbs., 
corn in various forms, as shown in the table, all lots getting 0.6 lb. al- 
falfa hay, 0.7 lb. corn silage, and 0.15 lb. linseed meal per head daily in 
addition. 

Various methods of preparing corn for fattening lambs 
Feed for 100 lbs. gain Cost of 

Daily Concen- 100 Ibs. 
Average daily corn allowance gain trates Hay Silage gain* 

Lbs. Lbs. Lbs. Lbs. Dollars 

Lot I, Whole ear corn, 1.3 lbs..... 0.33 438 181 225 5.95 
Lét II, Broken ear corn, 1.3 lbs.... 0.33 425 Wt BRAD) 5.86 
Lot III, Shelled corn, 1.3 lbs........ 0.34 416 INgAay| —. Ple/ 5.81 
Lot IV, Ground corn, 1.2 lbs........ 0.33 425 184 228 6.18 
Lot V, Whole, broken and ground 

CODM IP OMOS terriers sos 0.35 399 167 208 5.51 
Lot VI, Corn-and-cob meal, 1.2 lbs.. 0.34 415 V7 214 5177 

*Corn, per bushel, on basis of 56 lbs. grain—whole ear 54 cts., broken ear 55 cts., shelled 56 cts., 
ground 59 ets., and corn-and-cob meal 60 cts.; oil meal, $30; silage, $3.50; and alfalfa hay $12 per ton. 

‘Wis. Rpt. 1897. “Information to the authors. 
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In the table the equivalent amount of shelled corn is given for each 
lot; e. g., each lamb in Lot I received daily ear corn equivalent to 1.3 
Ibs. of shelled corn. The whole ear corn, fed Lot I, made practically 
as large and economical gains as broken ear corn or shelled corn, tho 
shelling the corn decreased the feed required for 100 lbs. gain enough 
to slightly more than pay the expense. Wing* declares that no ration will 
make better or more marketable lambs than a combination of ear corn, 
corn silage, and alfalfa hay. Lot IV, fed ground corn, made the lowest 
gains in the trial. From previous trials Evvard concluded that the best 
results may be secured by starting the lambs on ear corn, changing to 
broken ear corn as the feeding period progresses, and finishing on ground 
corn and broken ear corn; i. e., increasing the preparation of the grain 
fed as the lambs fatten. Lot V, fed in this manner, made slightly the 
largest and most economical gains. Corn-and-cob meal ranked second in 

amount of gains and economy of production. To study the most econom- 

ical method of preparing corn for lambs fed clover hay Coffey fed 5 lots, 
each of 16 western lambs averaging 65 lbs. in weight, clover hay and corn 
in various forms for 98 days in a trial at the [llinois Station* with the 

results shown in the table: 

Methods of preparing corn for fattening lambs 
Daily Feed for 100 lbs. gain 

Average ration pa vee Roveoeee 
S. 3. Ss. 

Lot JI, Ear corn, 1.6 lbs. Clover hay, 1.3 lbs....... 0.293 439* 453 
Lot IT, Shelled corn, 1.3 Ibs. Clover hay, 1.3 lbs... 0.295 432 449 
Lot III, Ground corn, 1.3 lbs. Clover hay, 1.3 Ibs... 0.264 483 505 
Lot IV, Corn-and-cob meal, 1.5 Ibs. C. hay, 1.2 lbs. 0.264 489* 475 
Lot V, Shelled corn, 0.06 lb. Clover hay, 1.0 lb. 406 

Shock corn, 2.7 lbs.... 0.247 23 4 1111+ 

*Reduced to shelled corn basis. 
+Shock corn, containing 53 per ct. of ears. 

The lambs in Lot II, fed shelled corn, made the largest and most eco- 
nomical gains. Both ground corn and corn-and-cob meal produced 
smaller and more expensive gains than did shelled corn. Ear corn, 
fed Lot I, produced about as large and economical gains as shelled 

corn. Lot V was fed a small amount of shelled corn until they had 

learned to husk shock corn, and thereafter were given corn only in the 

form of shock corn. These lambs made somewhat lower gains than the 

other lots, and, including the corn in the shock corn, required 522 lbs. 

of corn for 100 lbs. gain. Coffey points out that both ear corn and shock 

corn are better suited for feeding on a thick sod than in a dry lot or 

barn, for they may be scattered on the sod so that each lamb will have 

an equal chance to feed and little will be wasted. In the lot or barn 

lambs are apt to drop the ears on the ground where they become soiled 

or bunch them up in the trough so that each lamb does not get its share. 

From these trials we may conclude that it will rarely pay to grind 

corn for fattening lambs, except perhaps where they are fairly fat and 

®Sheep Farming in America, p. 285. *Information to the authors. 
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it is desired to continue feeding them for some time. (423, 835) When 
ground corn is to be fed, it should be cracked or ground coarsely, for 
Carlyle’ found in repeated trials that lambs ate corn ground coarsely 
much more readily than that which was fine and powdery. 

848. Barley —Thruout the western range district, where but little 
corn is grown, barley is extensively used for fattening sheep and lambs. 
In the following table are summarized the results of 6 trials, averaging 
96 days, in which brewing or Scotch barley was compared with shelled 
corn for fattening lambs when fed with alfalfa hay. The table also 
summarizes 4 trials, averaging 98 days, in which barley was compared 

with shelled corn when fed with carbonaceous roughage—prairie, timothy, 
or mixed prairie and brome hay. 

Barley vs. corn for fattening lambs 

Initial Daily, Feed for 100 lbs. gain 

Average ration weight gain 
Grain Hay 

Lbs. Lbs. Lbs. Lbs. 

With alfalfa hay* 
Lot I, total of 355 lambs 

Whole barley, 0.9 lb. 
Alltalfashayer2ndelbse.s emu asedae cas. a: 62 0.31 296 777 

Lot IT, total of 355 lambs 
Shelled corn, 0.9 lb. 

Ailfaliash ay, 2. SIDS. 6): -scissiectse oe seine 60 0.32 283 708 

With carbonaceous hayT 
Lot I, total of 57 lambs 

Whole barley, 1.2 lbs. 
Talia by Lorene en ieee Danan Py Pernt tee 71 0.21 580 598 

Lot II, total of 57 lambs 
Shelled corn, 1.2 lbs. 
aye SUS tage cra cicada cau ainiake 71 0.23 528 586 

*Average of 3 trials by Faville (Wyo. Buls. 81, 85, 103), 1 by Buffum and Griffin (Colo. Bul .75), and 
2 by Morton (Colo. Bul. 187). 

+Average of 1 trial each by Hays (Minn. Bul. 31), Morton (Wyo. Bul. 73), Faville (Wyo. Bul. 89), and 
Wilson and H. G. Skinner (S. D. Bul. 86). 

With alfalfa hay for roughage, the lambs fed whole barley made only 
slightly smaller gains than those fed corn, the former consuming 5 per ct. 
more grain and 10 per ct. more hay for 100 lbs. gain. In trials by Mor- 

ton with 450 lambs, Scotch barley proved fully equal to shelled corn in 

the amount and economy of gains. With carbonaceous hay, the barley- 
fed lambs required 10 per ct. more grain and only 2 per ct. more hay 
for 100 lbs. gain than those fed corn. These trials show that good brew- 
ing or Scotch barley nearly equals corn for fattening lambs. California 

feed barley was found by Morton to have slightly lower value than the 

heavier Scotch barley, lambs given feed barley requiring 11 per ct. more 
grain and 4 per ect. more alfalfa hay than those fed Scotch barley. Altho 
somewhat richer in protein than corn, barley is decidedly a carbonaceous 
grain and hence gives the best results when fed with legume hay, as the 

°Wis. Rpt. 1899, p. 46. 
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table shows. When fed with carbonaceous hay, the ration should be sup- 

plemented with a protein-rich concentrate, such as linseed or cottonseed 
meal. (226) 

At the Wyoming Station Faville® found that soaking, cracking, or 
grinding western Scotch barley, which is harder than eastern brewing 
barley, did not increase its value for lambs. It will probably pay to roll 
or erack the hard bald or hulless barley, as Faville*’ found that lambs 

passed more of it undigested than of Scotch barley. Cooke* at the Colo- 
rado Station found that, when ground, bald barley formed a sticky mass 

in the lambs’ mouths and they would not consume more than 1 lb. per 
head daily. (835) 

849. Wheat.—Rarely will wheat be fed to sheep unless off grade or 
low in price. To show its value compared with shelled corn, the fol- 

lowing table presents the results of 3 trials, averaging 104 days, in which 
good quality common wheat was compared with corn in lamb-feeding 

trials. In the table are also summarized the results of 3 trials, aver- 
aging 101 days, in which wheat and barley were compared. 

Wheat vs. corn or barley for fattening lambs 

cit Initial Daily Feed for 100 lbs. gain 

ys Bee on Grain Hay 

Lbs. Lbs. Lbs. Lbs. 

Wheat vs. corn* 
Lot I, total of 29 lambs 

Wheat, 1.4 lbs. 
ja Pe ial let ee Sea eee are Prone soar 78 0.30 524 482 

Lot II, total of 29 lambs 
Shelled corn, 1.4 lbs. 
Hay ol Gilg teen gee ae 79 0.30 515 472 

Wheat vs. barleyT 

Lot I, total of 56 lambs 
Wheat, 1.0 lb. 
ay 7 dDSeece Sa oy ey eee 66 0.25 3882 686 

Lot II, total of 56 lambs 
Barley, 1.0 lb. 
Haves: IOS eas eee ee ee eer 69 0.25 400 712 

*Average of 2 trials by Wilson and H. G. Skinner (8. D. Buls. 80, 86) and 1 by F. B. Mumford (Mich. 
Bul. 128). 

yAverage of 2 trials by Linfield (Mont. Buls. 47,59) and 1 by Wilson and H. G. Skinner (8S. D. Bul. 86). 

The lambs fed wheat made the same gains as those fed corn, and re- 
quired only 2 per ct. more grain and hay for 100 lbs. gain. Those fed 

wheat and barley also made the same average daily gains, but the barley- 

fed lots required 5 per ct. more grain and 3 per ct. more hay for 100 
Ibs. gain. Carlyle and Iddings® lkewise found wheat slightly superior 
to barley in a trial with 505 lambs at the Idaho Station in which 0.8 
lb. of either wheat or barley was fed with a basal ration of 0.3 Ib. oats 
and 2.4 lbs. alfalfa hay. These experiments, confirmed by British tri- 

‘Wyo. Bul. 108. ™Wyo. Bul. 89. ‘Colo. Bul. 40. “Idaho Bul. 77. 
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als,*° show that good quality wheat is slightly superior to barley and 
nearly equal to corn for fattening sheep. Since wheat is a carbonaceous 
grain, the best results are secured when it is fed with legume hay. 

In 2 trials at the South Dakota Station Wilson and Skinner! found 
durum, or macaroni, wheat practically equal to common wheat for fat- 
tening lambs. Frosted wheat, in a trial by Foster and Merrill? at the 
Utah Station, produced as large and more economical gains than market- 
able wheat. (215) 

850. Wheat screenings.—The value of wheat screenings from the ele- 
vators and mills depends on their quality, the hight, chaffy grades being 

more like a roughage than a concentrate. Successful feeders wisely util- 
ize screenings of low grade in getting the lambs on feed, and as fatten- 
ing advances change to the heavier screenings. Hundreds of thousands 

of Montana sheep and lambs were annually fed during the nineties on 
wheat screenings in feed lots near St. Paul, Minnesota. The screenings 
were fed in sheds and usually from self feeders, as the bits of chaff and 

straw in the feed render it so bulky that there is less danger of founder- 
ing than when corn is fed in self feeders. With the bulky class of screen- 
ings which were used, little or no hay was required. During the season 

of 1902 about 330,000 sheep and lambs were fattened in these feed lots.?* 
Two years later the number fell below 200,000, and at the present time, 

because of prohibitory prices for screenings and their poor quality, this 

district has ceased to be a factor of importance in the winter mutton 
supply. Screenings are still employed more or less extensively in other 
sections of the country for sheep feeding. (222) 

_ The relative value of heavy wheat screenings and good wheat for fat- 

tening lambs is shown in the following table summarizing 3 trials, from 
90 to 97 days in length, where either clover or alfalfa hay was fed for 
roughage to lambs averaging 58 Ibs. in weight. 

Wheat screenings vs. good-quality wheat for lambs 
Daily Feed for 100 lbs. gain 

Average ration gain Grain Hay 
Lbs. Lbs. Lbs. 

Lot I, 68 lambs* 
Wheat screenings, 0.8 lb. Legume hay, 1.8 lbs...... 0.26 307 695 

Lot II, 70 lambs* 
Wiheat, OF8 lb. Iegume hay, 127 Ibs...............- 0.22 347 744 

*Average of 2 trials by Linfield (Mont. Buls. 47, 59) and 1 by Foster and Merrill (Utah Bul. 78). 

The table shows that when fed with legume hay heavy-weight screen- 

ings produced larger and more economical gains than good wheat. Fos- 
ter and Merrill found that it required 35 per et. more light-weight, chaffy 

screenings than those of heavy weight for 100 lbs. of gain. Screenings 
should be fed close to the mills or elevators, thereby avoiding large 

Trans. Highl. and Agr. Soc. Scotland, 1910. 

SD Bul on auUtabebule as. 

“Breeder’s Gazette, 46, 1904, p. 1000. 
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freight bills. As with wheat, the best returns come thru feeding in com- 
bination with legume hay. 
Lambs fed by Hays*'* at the Minnesota Station on unground screen- 

ings containing 90 per ct. of either small wheat, wild buckwheat, 
or pigeon-grass seed, made as large gains as others receiving cracked 
corn, but required 42 per ct. more grain per 100 lbs. gain, in the ease 
of those fed small wheat, and 67 per ct. more with those fed pigeon- 
grass seed. To prevent the spread of weeds, screenings should be ground. 

851. Oats.—This grain, so well liked by sheep, is especially useful and 

safe in getting them on feed and is excellent for the breeding flock. 
(883) Owing to their usual high price and the fact that they mduce 

erowth rather than fattening, oats are rarely economical.as the sole 

grain for fattening sheep. When used, the proportion of oats to other 

concentrates should be decreased as the fattening period progresses. 
At the South Dakota Station Wilson and H. G. Skinner’ compared 

the value of oats and shelled corn as the sole grain for lambs fed mixed 
prairie and brome hay for roughage in trials averaging 111 days, with 

the results shown in the following table. In the second division of the 
table are given the results secured by J. H. Skinner and King’® at the 
Indiana Station in three 90-day trials, in which a mixture of oats and 

corn was compared with shelled corn alone, clover hay and corn silage 

forming the roughage. 

Value of oats for fattening lambs 

Tuitial! | Daily Feed for 100 lbs. gain 

Average ration weight | gain 
Grain Hay Silage 

Oats vs. corn 
Lot I, 10 lambs 

Oats, 1.6 lbs. 
Maxed nay Ivo IDS. gaase ae eer me 70 0:25°)) 6507) 5385 

Lot II, 10 lambs 
Shelled corn, 1.5 Ibs. 

Mixed bay, 1-3 lbs.c,4..4ee nn oe eas 71 0.28 | 561 | 485 

Oats and corn vs. corn 
Lot I, total of 75 lambs 

Oats, 0.5 Ib. 
Corn, 0.7 lb. 
Clover hay, 1.0 lb. 
Corn silace, 1-4 losis cs. seis sere ree 60 0.382 | 365 329 | 453 

Lot IT, total of 75 lambs 
Corn, 1.2 lbs. 
Clover hay, 1.1 lbs. 
Corm:silaver 124 IDB iting esheets 60 0.33 | 349 | 323 | 428 

Both in the South Dakota trial where oats was fed as the sole grain 

and in the Indiana trials where a mixture of oats and shelled corn was 
used, the lambs getting either oats or oats and corn, required more feed 

4Minn. Bul. 31. *“S. D. Bul. 86. 

*Ind. Buls. 168, 179; information to the authors. 
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for 100 lbs. gain than those fed corn only. The Indiana trials show that 
in a ration properly balanced with legume roughage corn alone is as satis- 

factory for fattening lambs as a mixture of corn and oats. 
In the South Dakota trial the lambs fed corn made larger and more 

economical gains than those fed oats. In the Indiana trials the lambs 
fed corn as the sole grain made slightly larger gains than those fed a 
mixture of oats and corn, and required less feed per 100 lbs. gain. In 
starting Lot II on feed, some oats was mixed with the corn during the 
first few days. These trials indicate that when lambs are on full feed, 
corn as the sole grain is as satisfactory as a mixture of corn and oats, 
when fed with legume hay. (846) 

In 2 trials at the Montana Station by Linfield’? lambs fed clover hay 
for roughage made nearly as large gains on oats as those fed barley, but 
required 6 per ct. more grain and 5 per ct. more hay for 100 lbs. gain. 

(223) 
852. Emmer.—Owing to greatly increased production, emmer (wrongly 

ealled spelt) has become an important concentrate for sheep and lambs 
in the northern plains states. The value of emmer compared with shelled 

corn is shown in the following table, in which the results are summarized 
for 3 trials, averaging 91 days, where alfalfa hay was fed, and 2 trials, 

averaging 110 days, in which the roughage was prairie and brome hay: 

Emmer vs. corn for fattening lambs 

Feed for 100 lbs. gain 

Average ration Hae Daily weight gain Genin Flay 

Lbs. Lbs. Lbs. Lbs. 

With alfalfa hay, 3 trials* 
Lot I, total of 81 lambs 
Emmer, 0.9 lb. 

Alfaliathay, 284 IDSs. veces oka sees 59 0.28 324 875 
Lot IT, total of 81 lambs 

Shelled corn, 0.9 lb. : 
Alfalishay eo oelbss 4 aeters cyke aecpete yeh 59 0.31 276 673 

With mixed hay, 2 trialst 
Lot I, total of 18 lambs 
Emmer, 1.8 lbs. 

Mixedihays le4ilbs. it atiok oe oe hon 75 0.29 660 511 
Lot II, total of 19 lambs 

Shelled corn, 1.6 lbs. 
Mirxedihayasl 4s cane qecias tke access c 76 0.32 513 462 

*Average of 2 trials by Faville (Wyo. Buls. 81, 85) and 1 by Buffum and Griffin (Colo. Bul. 75). 
+Average of 2 trials by Wilson and H. G. Skinner (S. D. Buls. 80, 86). 

Both with alfalfa and with prairie and brome hay as the roughage, 

emmer produced 0.03 Ib. less daily gain per lamb, altho the lambs fed 
emmer ate as much or more grain. With alfalfa hay, the corn-fed lambs 

required only 85 per ct. as much grain and 77 per ct. as much hay for 
100 lbs. gain as those fed emmer. With prairie and brome hay, 78 per 

“Mont. Buls. 47, 59. 



530 FEEDS AND FEEDING 

et. as much grain and 90 per ct. as much hay was required by the corn- 
fed lambs as by those receiving emmer. Considering the larger amount 
of both grain and hay required per 100 lbs. gain by the lambs fed emmer, 

we may conclude the value of emmer to be about 80 per ct. that of shelled 
corn, In the South Dakota trials emmer had a somewhat higher value 
when fed with barley or corn, than when used as the sole concentrate. 

(233) 
853. Kafir; milo—Cochel of the Kansas Station’® compared kafir and 

shelled corn in a 60-day trial with 3 lots, each of fifty 56-lb. lambs, fed 
1.4 lbs. alfalfa hay and 1.1 lbs. sweet-sorghum silage per head daily for 

roughage. 
Kafir vs. corn for fattening lambs 

Daily Feed for 100 lbs. gain 
Average concentrate allowance gain Grain Hay Silage 

Lbs. Lbs. Lbs. Lbs. 

Whole kafir, 0.9 Ib. | Cottonseed meal, 0.19 lb. 0.35 308 385 309 
Ground kafir, 0.9 lb. Cottonseed meal, 0.19 lb. 0.36 303 378 303 
Shelled corn, 0.9 lb. Cottonseed meal, 0.19 lb. 0.40 269 335 271 

In this, as in 2 previous trials at the same Station,® lambs fed kafir 
made satisfactory, tho slightly smaller gains than those fed corn. The 
lambs fed kafir in this test required about 15 per ct. more feed for 100 
Ibs. gain than those receiving corn. Grinding kafir did not increase its 
value for sheep. This trial is valuable and important in showing the 
excellent returns possible from feeds so well adapted to the southern 
plains states—sorghum silage, alfalfa hay, kafir, and cottonseed meal. 
Tho the stations have reported no tests with milo for fattening sheep, 
it should have substantially the same value as kafir. (236-40, 810) 

854. Miscellaneous carbonaceous concentrates.—Dried beet pulp pro- 
duced as large and as economical gains as corn in a trial by Shaw at 
the Michigan Station®® in which mixtures of either 4 parts dried beet 
pulp or 4 of corn, together with 2 parts wheat bran and 1 part linseed 
meal, were fed with clover hay to western lambs. Humphrey and Klein- 

heinz of the Wisconsin Station?! found dried beet pulp equal to corn 

for producing growth in ewe lambs when oats were fed with both. (275) 
Molasses-bect pulp showed no marked superiority over ordinary dried 

beet pulp in the trial by Shaw when 3 parts of either was fed with 1 
part of linseed meal, clover hay forming the roughage. (277) 

Beet molasses is now in some instances being fed to sheep in the vi- 
cinity of beet sugar factories in the West. Morton of the Colorado Sta- 
tion2? states that it is used chiefly with the cheaper grades of sheep, 
such as old ewes. To avoid ‘‘smearing’’ the wool, the molasses is pref- 
erably mixed thoroly with eut hay or straw. In some cases no other 
coneentrate is fed, and in others wet beet pulp and a little cottonseed 
cake are added to the ration. (276) 

*Information to the authors. 1 Wis. Rpt. 1906. 

"Breeder’s Gaz., 51, 1907, p. 960. “Information to the authors. 

*°Mich. Bul. 220. 
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Millet seed, coarsely ground, was found by Wilson and H. G. Skinner”* 
practically equal to corn for fattening lambs when fed with mixed prai- 

rie and brome hay. Sheep fed whole millet voided a large percentage 
of the seed undigested. (243) 

855. Linseed and cottonseed meal or cake.—The value of these nitrog- 
enous concentrates, the supplements most commonly used with sheep 
in balancing rations deficient in protein, has already been pointed out. 
(845) The relative value of linseed and cottonseed meal is shown in 2 
trials presented in the following table, the first by Carmichael at the 
Ohio Station** and the second by Mumford, Trowbridge, and Hackedorn 
at the Missouri Station.*° 

Linseed vs. cottonseed meal for fattening sheep 

Feed for 100 lbs. gain 

ne ois. Initial Daily |e 
Average ration weight gain Concen- Hay 

trates 

Lbs. Lbs. Lbs. Lbs. 

Ohio Station, 112-day trial 
Lot I, 40 lambs 

Linseed meal, 0.2 lb. 
Shelled corn, 1.0 lb. 

Clover or alfalfa hay, 1.5 lbs........... 65 0.30 397 497 
Lot II, 40 lambs 

Cottonseed meal, 0.2 Ib. 
Shelled corn, 1.0 lb. 

Glover oralfialiauhay, Ivo lbs.7.-...-).- 67 0.31 388 486 

Missouri Station, 98-day trial 
Lot I, 20 yearling wethers 

Linseed meal, 0.2 lb. 
Shelled corn, 1.1 Ibs. 

(Ciaran cia a letsilloishe cses cpio meine Bia as 79 0.25 491 703 
Lot II, 20 yearling wethers 

Cottonseed meal, 0.2 Ib. 
Shelled corn, 1.1 lbs. 

Glover hay, lS lsh ns coe sale eee a oe 78 0.24 511 748 

These trials show that cotton- and linseed meal have substantially the 
same value for balancing the rations of fattening sheep and lambs. 

(250, 254) 
Undecorticated cottonseed cake, which is similar to the cold-pressed 

eake sold in this country (248), was found by Bruce*® at the Edinburgh 
Agricultural College to produce 0.06 lb. less gain per head daily with 
yearling wethers than linseed cake, when both were fed as the sole 

concentrate with hay and turnips. Wethers fed undecorticated cotton- 
seed cake required 20 per et. more cake and 29 per ct. more roots than 
those fed linseed cake. Lambs should not receive more than half a pound 
of linseed or cottonseed meal per head daily, and one-eighth or one- 
fourth pound, in combination with other concentrates, will usually pro- 

3 Sy DeeBulwoos *Mo. Bul. 115. 

“Ohio Bul. 179. *HWdinburgh and East of Scot. Col. Agr., Bul. 10, 
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vide a well-balanced ration. Linseed cake of pea size is better relished 
by sheep than the finely ground meal. (883) 

856. Minor protein-rich concentrates—lield peas and soybeans are 
usually too expensive to form the entire concentrate allowance for fat- 
tening lambs, but may be used with corn or other grains. Of several 
concentrate mixtures tested for fitting yearling wethers for show, the 
best results were secured with a mixture of peas, oats, and bran. Hum- 

phrey and Kleinheinz of the Wisconsin Station?’ show that peas produce 
firm flesh and, combined with other grains, are especially helpful in 
securing high quality mutton. (261, 863, 883) 

Richards and Kleinheinz’* fed one lot of 10 ewe lambs equal parts of 
soybeans and shelled corn and another equal parts of oats and corn, 

all receiving a daily roughage allowance of 0.8 lb. hay and 0.6 lb. corn 
stover per head. The results of the trial, which lasted 84 days, are shown 
below: 

Soybeans vs. oats for ewe lambs 

Daily Feed for 100 Ibs. gain 
Average grain allowance gain Grain Roughage 

Lbs. Lbs. 8 

Lot I, Soybeans and corn, 1.2 lbs.....4............ 0.19 611 711 
ot Pi Oatsand corny te 2lbstas, vee 24 ast sae 0.16 728 862 

With these lambs, hightly fed, since they were intended for the breed- 
ing flock, soybeans and corn produced larger and more economical gains 

than oats and corn. (256) 
Wheat bran should form no large part of the concentrate allowance 

for fattening sheep, for, hike oats, it induces growth rather than fatten- 

ing and is too bulky. When lambs are being started on feed, bran is 
useful for mixing with corn and other heavy concentrates to forestall 

digestive troubles. Bran is a most valuable feed for breeding ewes. 
(218, 883) 

Dried distillers’ and brewers’ grains, rarely fed to sheep in this coun- 
try, have given good results in Europe.”® Aitken*® of Scotland found that 
dried distillers’ grains fed with roots, or with roots and hay, to fatten- 
ing sheep produced as large gains as linseed meal. (282, 228) 

Gluten feed, tho not relished by sheep, in a trial by Gilchrist*? at 
Durham College, England, produced larger gains than split peas or equal 

parts of barley meal and undecorticated cottonseed meal, when fed as 
the sole concentrate with hay and rutabagas. (210) 

Flesh meal, according to Schenke,*? was readily consumed by sheep 
when it was fed with better-liked feed and formed not more than 5 to 

“Wis. Rpt. 1905 and Bul. 2382. 

*Wis. Rpt. 1904. 

*®Pott, Handb. Ernahr. u. Futter., Il, 1909, p. 241. 

°Trans. High]. and Agr. Soc. Scotland, 1900, 1901. 

aTrans. Highl. and Agr. Soc. Scotland, 1910, p. 253. 

2Tandw. vers. Stat., 58, 1903, pp. 26, 27. 
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10 per et. of the ration. Flesh meal produced larger but less economical 
gains than grain alone, and evidently increased the wool production. 

Dried blood, fed to young lambs in place of milk, at the rate of about 
0.5 lb. daily for each 100 lbs. live weight, gave excellent results in a 
trial by Regnard.** (271) 

Tankage was found by Morrison and Kleinheinz** at the Wisconsin 
Station to be readily eaten by lambs when mixed with 9 parts coarsely 
ground corn. When fed with corn and poor-quality, over-ripe blue- 
erass hay, both feeds low in protein, 10 per ct. tankage was as effective 
as 18 per ct. linseed meal in balancing the ration. (270) 

II. RougHaGES FOR SHEEP 

857. Legume hay.—The legumes are the prime source of roughage for 
sheep—in the East clover and alfalfa, thruout the West alfalfa with 
clover and field peas in certain sections, and in the South the cowpea, 
beggarweed, and other plants. It is more important for sheep than for 
cattle that the hay be fine-stemmed and leafy. 

The superiority of legume over carbonaceous hay for sheep is shown 
in the following summary of 5 trials, averaging 99 days, in which rations 
of clover or alfalfa hay with corn as the sole concentrate, have been com- 
pared with rations of timothy or prairie hay with corn and cotton- or 
linseed meal, which were equally well balanced so far as the amount of 
protein was concerned : 

Legume hay vs. carbonaceous hay for fattening lambs 
Initial Daily Feed for 100 Ibs. gain 

Average ration weight gain Concentrates Hay 
Lbs. Lbs. Lbs. Lbs. 

Legume hay, 71 lambs* 
Clover or alfalfa hay, 1.5 lbs. 

Wonnstly ss los': treo sec eee eee! 63 0.32 388 455 
Carbonaceous hay, 63 lambs* . 

Timothy or prairie hay, 1.0 lb. 
Corn, 1.0 lb. 
Cotton- or linseed meal, 0.2 Ib,........ 63 0.24 505 422 

*Average of 1 trial by Burnett (Nebr. Bul. 66), 1 by A Donald and Malone (Okla. Bul. 78), 1 by 
Morton (Colo. Bul. 73), and 2 by Skinner and King (Ind. Bul. 162). 

Tho the lambs fed timothy or prairie hay received a well-balanced 
ration, those on clover or alfalfa made much larger gains and required 
less feed per 100 lbs. gain. So long as there is an ample supply of good 
legume hay of any kind, sheep show little desire for other roughage. 
(Chapter XIV) 

858. Nitrogenous supplement with corn and legume hay.—The ad- 
vantage of adding a nitrogenous concentrate to a ration of corn and 
legume hay for fattening lambs has been studied by several stations. 
The following table summarizes 10 trials in which a ration of clover or 
alfalfa hay with corn alone was compared with the legume hay and corn 
plus cotton- or linseed meal. 

* Pott, Handb. Ernahr. u. Futter., III, 1909, p. 515. *Unpublished data. 
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Adding a supplement to a ration of corn and legume hay 
Initial Daily Feed for 100 lbs. gain 

Average ration weight ain Concentrates Hay 
Lbs. bs. Lbs. Lbs. 

Lot I, 193 lambs* 
Corn, 1.3 Ibs. 
Legume shayy WA Ibs: (oA. vs. ee cee 3 63 0.32 402 424 

Lot II, 193 lambs* 
Corn, 1.1 lbs. 
Cotton- or linseed meal, 0.2 Ib. 

Legume: hay, 4 lbsisse 2 occaeeten pies 63 0.33 402 428 

*Average of 5 trials by Carmichael and Hammond (Ohio Buls. 187, 245), 1 by Coffey (Ill. Station, 
information to the authors), 1 by F. B. Mumford (Mich. Bul. 113), and 3 by Skinner and King (Ind. 
Buls. 162, 168). 

In 7 of the trials the lambs fed the nitrogenous supplement made 
slightly larger gains and in 3, smaller gains than those on corn and 

legume hay alone. On the average, replacing 0.2 lb. of corn in the 
ration by the same weight of cotton- or linseed meal increased the daily 
gain 0.1 Ib. but did not decrease the amount of concentrates or hay 
consumed for 100 lbs. gain. With normal prices for corn and nitrog- 
enous concentrates, the only advantage from adding a nitrogenous sup- 

plement to an already well-balanced ration of corn and legume hay is 

evidently the fact that the gains are usually somewhat more rapid, en- 
abling the feeder to put the lambs in condition for the market in a 
shorter time. 

859. Legume hays compared.—Red clover, one of the best roughages 
for sheep, should be cut early to secure the leaves and heads, which are 

the portions most desired. (847) The relative values of alfalfa and clo- 
ver hay for sheep is a disputed point. In trials covering 3 years at the 
Ohio Station,®® Carmichael and Hammond found that lambs fed good 
quality alfalfa hay and shelled corn gained 0.2 lb. more per day on the 

average than those fed clover hay of the same quality, tho consuming 
16 lbs. less grain and 9 lbs. less hay per 100 Ibs. gain. Humphrey and 
Kleinheinz, when fitting yearling wethers for exhibition during 3 years 
at the Wisconsin Station,®* found that clover hay produced slightly 
larger -and more economical gains, but the careasses from the alfalfa- 
fed wethers were superior. Skinner and King** in a 90-day test found 
good clover slightly superior to good alfalfa hay for fattening lambs 
when fed with shelled corn. From these data we may conclude that there 

is no material difference in the value of clover and alfalfa hays for sheep. 

(338) R. 8S. Shaw found alstke clover hay slightly superior to alfalfa 
or red clover in a trial at the Montana Station®** where lambs were fed 
grain, hay, and roots. (350) Cowpea hay proved equal to alfalfa hay 

in a trial by MeDonald and Malone at the Oklahoma Station,®® while at 
the Kansas Station lambs fed cowpea hay by Cochel*® required 14 per 

“Ohio Bul. 245. “Mont. Bul. 21. 
“Information to the authors. “Okla. Bul. 78. 
Ind. Bul. 179. “Information to the authors. 
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et. more grain and silage and 29 per ct. more hay for 100 lbs. gain than 
others fed alfalfa hay. (857) In a trial at the South Dakota Station*! 
Wilson found sweet clover hay a palatable and satisfactory roughage, 
tho somewhat inferior to alfalfa. Lambs fed equal parts of shelled corn 
and oats with sweet clover hay, gained 0.43 lb. per head daily during a 
67-day trial, requiring 442 lbs. grain and 319 lbs. hay for 100 lbs. gain. 
(852) In the same trial field pea hay, while relished by the lambs, pro- 
duced lower gains than either alfalfa or sweet clover hay. (355) 

Field bean straw proved a good substitute for clover hay in a trial by 

H. W. Mumford at the Michigan Station,*? lambs fed a ration of 1.5 
lbs. bean straw, 1.4 lbs. shelled corn and 1.2 lbs. rutabagas gaining 0.30 
lb. daily, in comparison with 0.33 lb. for lambs fed clover hay. With 
bean straw, 9 per ct. more grain and 35 per ct. more dry fodder was re- 
quired per 100 lbs. gain than with clover hay. Lambs fed a ration of 

- 1.2 lbs. soybean straw, 1.2 lbs. shelled corn and 0.2 Ib. linseed meal by 
Carmichael and Hammond at the Ohio Station** made daily gains of 
0.28 lb. per head and required 499 Ibs. concentrates and 420 Ibs. soy- 
bean straw per 100 Ibs. gain—a fair gain, tho 19 per ct. less than was 
made by lambs fed corn with alfalfa or clover hay. (329) 

860. Field peas.—The fattening of lambs by grazing on field peas is 
an important industry in certain sections of the West, especially in the 
San Luis valley, Colorado.*t Mexican peas, similar to the common Ca- 
nadian field peas, are sown at the rate of 30 to 50 lbs. per acre, with a 
small quantity of oats or barley to support the vines and furnish ad- 

ditional feed. About November 1, as soon as most of the peas have 
matured, lambs or sheep are turned into the field, and without other 
feed are fattened in from 70 to 120 days. An acre of such peas will 
fatten from 8 to 15 lambs, each making a gain of from 6 to 8 lbs. per 
month. One acre of peas produces about $15 worth of lamb mutton at 
no expense for harvesting the crop. Confining the lambs to small areas 
by hurdles gives better results than allowing them to roam over the en- 
tire field. Sometimes the peas are cut, stacked, and fed to the lambs in 

yards. (355) 
At the Wyoming Station*® lambs grazed on field peas made larger 

gains and reached market in better condition than others fed alfalfa 
and corn. In a second trial Morton** found that altho the gains of al- 
falfa and corn fed lambs were 50 per ct. greater than those grazed on 
field peas, due to the low cost of producing the peas the net returns 
were the same. In this trial the lambs consumed 0.6 acre of peas for 

each 100 lbs. gain. 
861. Timothy and other carbonaceous hay.—T7imothy hay is unsatis- 

factory for sheep, being both unpalatable and constipating. The dry 
heads of this grass work into the wool, irritating the skin, lowering the 
quality of the wool and making shearing difficult. As has been shown 

eS De Bulle 143- “Ohio Bul. 245. ia Wyo: Bul 64. 

“Mich. Bul. 136. “Breeder’s Gaz., 49, 1906, p. 244. SOV OL BU Wes 
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before (857), even when a nitrogenous supplement is added to timothy 
hay and corn, the ration is still inferior to one of legume hay and corn. 
Marsh hay is too coarse and woody for sheep. Bluegrass hay and bright 
oat straw are preferable to either of these hays. (811, 328) Millet hay 
in a trial at the Michigan Station*? by H. W. Mumford proved poorer 
than corn stover or oat straw. More care was necessary in feeding this 
hay than any other coarse fodder, as-it induced scours unless fed in 
limited quantity. (317) 

Western prairie hay, tho more palatable than timothy hay, is much 
inferior to alfalfa hay. (857) When prairie hay is fed with earbona- 

ceous grains, as corn, larger gains will be secured by the addition of 
some nitrogenous supplement to the ration. This is shown by the fol- 
lowing table, giving the average results of 2 trials at the Wyoming*® 
and 1 at the Nebraska Station :*° 

Value of supplement with prairie hay and corn 
Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Concentrates Hay 
Lbs. Lbs. Lbs. Lbs. 

Lot I, total of 45 lambs 
Prairie hay, 1.2 Ibs. 

mhelledscorm, O89) lbs. Beles new 64 0.19 485 628 

Lot IT, total of 45 lambs 
Prairie hay, 1.3 lbs. 
Shelled corn, 0.8 lb. 

. Oil cake or meal, 0.2 Ib................ 64 0.23 451 547 

Lot II, fed oil meal in addition to prairie hay and corn, made larger 

gains than Lot J, receiving the unbalanced ration, and required 34 lbs. 

less grain and 81 lbs. less hay for 100 lbs. gain. When corn or other 
carbonaceous grains are very low in price compared with all nitrogenous 

concentrates, the unbalanced ration may prove more profitable for the 

feeder, even tho the lambs make less rapid gains. 
Sorghum hay ranks with corn stover, its value depending to a large 

extent upon its fineness. Burnett of the Nebraska Station®® has shown 

that some nitrogenous supplement, such as linseed meal, should be added 
to a ration of corn and sorghum hay for the best results. (308) 

862. Corn stover and corn fodder; straw.—Next in value to hay from 
the legumes come the dry leaves of the corn plant. For sheep feeding, 

corn should be cut early and cured in well-made shocks. The sheep 
will eat a little more of the stalks if shredded, but cutting will not in- 
duce them to eat any of the coarser parts. (294-5) That neither corn 

stover nor straw should form the sole roughage for sheep is shown in 
the following table, which gives the average results secured by Car- 
michael and Hammond” at the Ohio Station in 2 trials, lasting 93 and 
83 days, and presents the data obtained by McDonald and Malone in 

a 140-day test with lambs at the Oklahoma Station :°? 

“Mich. Bul. 136. “Nebr. Bul. 66. * Ohio Bul. 245. 

‘Wyo. Buls. 73, 89. “Nebr. Bul. 71. = Okla. Bul. 78. 
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Corn stover and oat straw for fattening lambs 

Concentrates fed daily Feed for 100 lbs. gain 

Daily roughage allowance Cotton- or Concen- Dry 
Corn | linseed meal trates fodder 

Ohio trials Lbs. Lbs. Lbs. Lbs. 

Houeel. Clover hay, 1.2) lbs:...-.|| L:3 Sears 389 383 
Lot II, Corn stover, 1.4 lbs.....} 1.1 0.21 453 485 
olti Oat straw, ll lbs:.c.)54.|| 1.1 0.21 527 447 

Oklahoma trial 
ioe 0; Alfalfa hay; 15 lbs...:..) 1.6 454 411 
Lot II, Corn stover, 0.8 lb...... 

Alfalfa hay, 0.7 Ib...... 2 0.40 479 426 

While making fair gains and showing fair finish, the Ohio lambs fed 
stover consumed 16 per ct., and those fed oat straw 35 per ct., more con- 

centrates for 100 lbs. gain than Lot I, fed clover hay. Carmichael and 
Hammond conclude that at the prevailing prices for feeds and lambs, 
it is unprofitable to feed either corn stover or oat straw as the sole rough- 
age. In the Oklahoma trial, tho fed for an unusually long period, both 
lots of lambs made exceedingly good gains. Lot II, fed corn stover and 
alfalfa hay, made practically as large gains as Lot I, receiving twice 

as much alfalfa hay. The amount of concentrates required by this lot 
for 100 Ibs. gain was also but little more than with Lot I. 

Coftey®* of the Illinois Station states that experienced Michigan sheep 
feeders give oat straw at one feed and alfalfa hay at the next, claim- 
ing that the lambs so fed gain as well as tho alfalfa formed the sole 
roughage. With yearling wethers Coffey®* secured daily gains of 0.26 
lb. per head on a ration of shelled corn, corn silage, and oat straw, and 

0.25 lb. on shelled corn, silage, and corn stover, in comparison with 0.29 
Ib. on corn, alfalfa hay, and silage, and only 0.15 lb. on corn and oat 

straw alone. This trial shows clearly that for the best results straw 
should be fed with other more palatable roughage, especially succulent 
feed. Such good gains with rations as low in protein would have been 
impossible with lambs, which are growing as well as fattening. These 
trials show that, judiciously fed, such cheap roughages as corn stover 
and oat straw may lower the cost of mutton production. (296, 328) 
Shaw®® advises that when both legume hay and some other less palat- 
able roughage are fed, the legume hay be given for the evening meal. 

Shock corn may be fed to sheep with satisfactory results, as is shown 

in a trial by Coffey®® at the Illinois Station, which has been previously 
reviewed. (847) Whether it will be more profitable to feed shock corn or 

to husk and shell the corn before feeding will depend on the price of 
feeds and labor. 

8 Breeder’s Gaz., 66, 1914, p. 85. 

54Information to the authors. 

SManagement and Feeding of Sheep, p. 212. 

‘Information to the authors. 
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III. SuccuLent FEEDS 

863. Value of succulent feeds.—One of the advantages of succulent 
feeds, so keenly relished by sheep, is their tonic and regulating effect. 
Roots are universally fed in large amounts to sheep in Great Britain, 
and to this fact may be attributed much of the reputation of the British 
shepherd for producing mutton of the highest quality. As is shown in 
the following articles, experiments in this country have proved that roots 
ean be successfully replaced by corn silage, which is produced at lower 
cost in most sections of the United States. (109) 

864. Roots.—The value of roots for fattening lambs is shown in the 

following summary of 5 trials, averaging 113 days, in each of which 1 
lot was fed roots in addition to an already excellent ration of grain 
(chiefly corn) and either alfalfa, clover, or mixed clover and timothy hay. 

Value of roots for fattening lambs 
Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Grain Roots Hay 
Lbs. Lbs. Lbs. Lbs. Lbs. 

Roots, total of 41 lambs* 
Roots, 3.7 Ibs. 
Hay, 1.4 lbs. 

Grain, P4 lbs: seuss oe one oe eae 81 0.39 374 940 358 
No roots, total of 41 lambs* 

Hay, 1.7 lbs. 
Graingeb lose Wen eae A ee 82 0.382 456 ony 525 

*Average of 3 trials by Kennedy, Robbins, and Kildee (Iowa Bul. 110), 1 by Smith and Mumford 
(Mich. Bul. 113), and 1 by Arkell (N. H. Bul. 152). 

In these trials the allowance of roots—man¢gels, sugar beets, rutabagas, 
or turnips—ranged from 1.9 to 5.0 lbs. per head daily, the average being 
3.7 lbs. The lambs fed roots ate 0.1 lb. less grain and 0.3 lb. less hay per 
day but made 0.07 Ib. larger daily gain. It is noteworthy that in each 

of the 5 trials the root-fed lambs made the larger gains. In these trials 
100 lbs. of roots replaced 8.8 lbs. of grain and 17.7 lbs. of hay. 

In trials at the Iowa Station by Kennedy, Robbins, and Kildee®’ sugar 

beets ranked first in amount and economy of gain, with mangels second, 

and turnips third. Since mangels and sugar beets when fed to sheep tend 

to produce calculi, or stones, in the kidneys or bladder, which are dan- 

gerous in the case of rams and wethers, these roots should not be fed 
to males for long periods. In the Iowa trials rams died after being 
fed on rations containing 4.4 lbs. of sugar beets or mangels for 5 to 6 
months. Ewes are not so affected. (865-74) 

865. Lessons from Great Britain.—The value of succulent feed in the 
form of roots for sheep fattening is well shown in the compilation made 

by Ingle of the results of sheep-feeding trials reported in Great Bri- 
tain’® from 1844 to 1905, numbering 194. From his extended report 

the following typical examples show the use British farmers make of 
roots in fattening sheep and lambs: 

“Towa Bul. 110. %Trans. Highl. and Agr. Soc. Scotland, 1910. 
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Rations used by British farmers in fattening sheep and lambs 

: Initial Daily Total gain 
Average ration weight gain per head 

Lbs. Lbs. Lbs. 
Oxford-Hampshire lambs, fed 87 days 

Roots, 5.7 lbs. 
Kohlrabi, 11 .2 lbs. 
Clover hay, 0.38 Ib. Linseed cake, 0.7 Ib.......... Palale/ 0.48 43 

Leicester-Blackfaced lambs, fed 105 days 
Swedes, 15.3 lbs. 
HayOh¢ lb. SNovconcentratese. 62269-2292 ses 80 0.21 22 

Oxford lambs, fed 102 days 
Swedes, 229 Ibs. Linseed eae | 0.3 lb. 
Hay, 0.41lb. Barley, 0.3 lb... ied ate das Werte LOY 0.43 42 

Cotswold yearlings, fed 121 days 
Roots, 15 lbs. 
Hay, 1.0lb. Cottonseed cake, 1.6 Ibs............. 111 0.33 41 

Leicester-Blackfaced lambs, fed 63 days 
Swedes, 19.3 lbs. Dried dist. grains, 0.5 ]b......... 72 0.39 25 

Leicester-Blackfaced lambs, fed 105 days 
Swedes, 12.8 lbs. Linseed cake, 0.7 Ib............. 81 0.36 37 

Not only is the large allowance of roots noteworthy, but also the 
almost universal use of oil cake—linseed or cottonseed. The gains re- 
ported in the first trial are surprising, considering that the only con- 
centrate fed was 0.7 lb. linseed cake per head daily. In the second trial 
fair gains were secured on swedes and hay alone. In the last 2 trials 
the lambs fed no dry roughage, but only roots and dried distillers’ grains 
or linseed cake, made excellent daily gains. 

Altho these British trials show that large amounts of roots may be 
safely fed to Suse: it is not ordinarily profitable in this country to 
feed over 4 to 5 Ibs. per head daily, and even half this allowance, pref- 
erably pulped or sliced, will furnish the needed succulence in the ration. 

866. Corn silage vs. roots——Owing to the low cost of producing corn 
silage, the possible substitution of this succulence for roots is a question 
of prime importance. The following table summarizes the results of 7 
trials, averaging 116 days, in which corn silage and roots (sugar beets, 
mangels, rutabagas, or turnips) were compared, when fed with concen- 

trates and legume or mixed hay: 

Corn silage vs. roots for fattening lambs 

Initial Daily Feed for 100 Ibs. gain 
Average ration weight gain Concentrates Hay Succulence 

Lbs. Lbs. Lbs. Lbs. 3 

Silage, total of 72 lambs* 
Corn silage, 3.0 lbs. 
Hay, 1.3 lbs. 

Concentrates, 1.2. Ibs............ 89 0.30 396 439 1,040 
Roots, total of 90 lambs* 

Roots, 4.6 lbs. 
Hay, 1.5 lbs. 

Concentrates; 11.2)Ibs...:........ 89 0.32 380 471 1,507 

*Average of 3 trials by Grisdale (Ottawa Expt. Farms Rpts. 1910, Woe 1912), 2 by Kennedy, Robbins, 
and Kildee (Iowa Bul. 110), and 2 by F. B. Mumford (Mich. Buls. 84, 107). 
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The lambs fed silage made the same gains in 2 of the trials, larger 
gains in 1, and somewhat smaller gains in the other 4 trials. On the 

average there was only 0.02 lb. difference in the daily gains of the lambs 

fed silage and roots. The silage-fed lambs required 16 lbs. more grain, but 

32 lbs. less hay for 100 lbs. gain than those fed roots, the larger require- 

ment of grain by the silage-fed lambs being offset by the larger con- 

sumption of hay by those fed roots. Thus, based on the feed required 

per 100 lbs. gain, 1,040 lbs. of silage replaced 1,507 lbs. of roots, due 

to the more watery nature of the roots. (366) 
867. Corn silage——Only in recent years has the value of corn silage 

for cheapening the cost of fattening sheep been appreciated. The fol- 

lowing average of 7 trials, lasting from 70 to 105 days, in which a ration 

of clover hay and shelled corn was compared with one of corn silage, 

clover hay, and shelled corn for fattening lambs shows the benefits from 

adding silage to an already excellent ration: 

Value of corn silage when added to well-balanced ration 
; Initial Daily Feed for 100 Ibs. gain 

Average ration weight gain Corn Hay Silage 
Lbs. Lbs. Lbs. Lbs. Lbs. 

Lot I, total of 147 lambs* 
Corn silage, 1 .4 Ibs. 
Clover hay, 0.9 lb. 

Shelled corn, 1.2 lbs............ 62 0.326 360 284 425 
Lot II, total of 147 lambs* 

Clover hay, 1.5 lbs. 
Shelled corn, 1.3 lbs............ 62 ORS23 394 471 

*Average of 5 trials by Skinner and King (Ind. Buls. 162, 168, 179; and information to the authors), 

and 2 by Coffey of the Ill. Station (Information to the authors). 

On the average, the lambs fed silage ate 0.6 Ib. less hay and 0.1 Ib. 

less corn daily yet gained slightly more than those fed clover hay and 

shelled corn. Adding silage to a ration of clover hay and corn does not, 

however, always result in increased gain, for in 4 of these trials the lambs 

fed no silage made the larger gains. The great advantage in feeding silage 

lies in the saving of corn and hay required for 100 lbs. of gain. In 

these trials 100 Ibs. of corn silage saved 8.0 lbs. of corn and 44.0 lbs. of 

clover hay. With corn at a cent a pound and clover hay at $10 per 

ton, the silage fed had a value of $6.00 per ton, or nearly twice the cost 

of production on most farms. (410) Besides cheapening the gains in 

these trials the addition of silage to the ration usually resulted in higher 

finish and consequently in a greater selling price. (300, 411) 

Corn silage of good quality is as valuable for the breeding flock as 

for sheep being fattened for market. (884) The numerous instances 

in which sheep of all classes have died from eating moldy or decayed 

silage show that greater care is necessary in administering this feed 

to sheep than to cattle. As sour silage is apt to cause colic and scour- 

ing, silage for sheep should be made from well-matured corn. 

868. Supplements to silage, corn and legume hay.—It has already been 

shown that adding a nitrogenous concentrate such as cotton- or linseed 
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meal to an already well-balanced ration of corn and legume hay is not 
ordinarily profitable. (858) When corn silage is added to a ration of 

corn and legume hay, all being fed in unlimited allowance, the lambs 
wili eat less of the protein-rich hay, the nutritive ratio thereby being 
widened to a marked degree. Skinner and King®® conducted trials dur- 
ing 5 successive years at the Indiana Station with 60-lb. lambs to deter- 
mine whether it would be profitable to add a nitrogenous concentrate 
(cottonseed meal) to such a ration. In 3 of the trials, as is shown in 

the table, they also determined whether it was more profitable to feed 
1 part of cottonseed meal to 7 or to 4 parts of shelled corn: 

Adding a supplement to a ration of corn, corn silage, and clover hay 

i Feed for 100 lbs. gain 

Average ration Daily a eee NULL CL VO 

; = enue Concen- Hay Silage ratio 
trates 

Lbs. Lbs. Lbs. Lbs. 

Supplement vs. no supplement, 6 trials 
Lot I, total of 115 lambs 

Cottonseed meal, 0.16 lb. 
Shelled corn, 1.1 lbs. 

Corn silage, 1.3 lbs. 
Cloverhayad Obs = ase 0.355 348 287 368 1:6.8 

Lot II, total of 115 lambs 
Shelled corn, 1.2 lbs. 

Corn silage, 1 .2 lbs. 
Wlover hay. VOilbices. . 3.4: 94: 0.331 360 299 379 1:8.8 

Amount of supplement, 3 trials 
Lot I, total of 75 lambs 

Cottonseed meal, 0.15 lb. 
Shelled corn, 1.0 lb. 

Corn silage, 1.5 Ibs. 
Cloverhay, Po llbsit: 2... ..4.| 0-355 337 312 428 1:6.8 

Lot IT, total of 75 lambs , 
Cottonseed meal, 0.24 lb. 
Shelled corn, 1.0 lb. 

Corn silage, 1.5 lbs. 
Glovershays lal lbsiy: .a55. 2844) 10.858 336 307 422 Gp 

The first comparison shows that feeding 1 part of cottonseed meal 
with 7 parts of shelled corn increased the gains and slightly decreased 

the amount of feed for 100 lbs. of gain. This shows that the ration of 
shelled corn, corn silage, and clover hay, having a nutritive ratio of 
1:8.8, was too wide for the maximum gains with fattening lambs.. It 
does not imply, however, that the most profitable gains are necessarily 
produced when a nitrogenous supplement is added, for the economy of 
the gains will depend on the relative price of corn and the supplement. 
In 2 of these trials cheaper gains were produced without cottonseed 
meal. On the average the lambs fed cottonseed meal reached slightly 
higher finish and sold for 5 ects. more per 100 lbs. In 3 trials the prof- 
it was greater and in the other 2 less when cottonseed meal was fed. 

Whether or not to add a nitrogenous concentrate to a ration of shelled 

®Ind. Buls. 162, 168, 179; information to the authors. 
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corn, corn silage, and legume hay must be determined by each feeder 
for himself, after taking into consideration the prices of feeds, the value 
of the manure, and the time the animals should be ready for the market. 

The second part of the table shows that the gains were not appreciably 
larger when 1 part of cottonseed meal was fed to 4 parts of corn than 
when the smaller allowance was used. In 2 of the 3 trials the gains 
were cheaper on the smaller allowance of cottonseed meal. These trials 
indicate that a ration having a nutritive ratio of 1: 6.8 is about as satis- 
factory for fattening lambs as the narrower ratio of 1: 6.1. 

869. Amount of silage to feed.—That corn silage should not ordinarily 
form the sole roughage for fattening lambs is shown by the following 

summary of 2 trials, averaging 95 days, conducted by Skinner and King 

at the Indiana Station.°° The table further gives the results for 3 trials, 
averaging 94 days, 1 by Skinner and King" and 2 by Coffey,®? in which 

the relative value of large and small allowances of corn silage were com- 
pared when fed with clover hay and shelled corn. 

Amount of corn silage to feed fattening lambs 

Feed for 100 lbs. gain 

. Initial Daily 
Average ration weight gain Concen- Hay Silage 

trates 

Silage vs. silage and hay, 2 trials 
Silage alone, 50 lambs 

Corn silage, 2.2 lbs. 
Shelled corn, 1.0 |b. 
Cottonseed meal, 0.14 Ib....... 61 0.26 431 ms 856 

Silage and clover hay, 50 lambs 
Clover hay, 1.1 lbs. 
Corn silage, 1.6 lbs. 

Shelled corn, 1.1 lbs. 
Cottonseed meal, 0.16 lb........ 61 0.36 344 301 436 

Large vs. small silage allowance, 3 trials 
Silage in small amount, 57 lambs 

Corn silage, 1.1 lbs. 
Clover hay, 1.0 lb. 

Shelledtcorn; 1.2 lbs% vases 66 0.31 379 332 360 
Silage in large amount, 57 lambs 

Corn silage, 1.7 lbs. 
Clover hay, 0.8 lb. 

phelledicorn; U.2)bs..45eee eke 65 0.32 361 268 526 

In each of 2 trials averaged in the first portion of the table the lambs 
fed corn silage only for roughage made much smaller gains, had poorer 
appetites, and required more care to prevent going ‘‘off feed.’’ Tho in 
the first trial silage alone produced cheaper gains, the poorer finish of 
the lambs resulted in a sufficiently lower selling price to more than off- 

set the cheaper gains. In the other trials gains were cheaper and profit 
greater when hay was fed in addition to silage. Contrary to their find- 

®Ind. Buls. 168, 179. “Ind. Bul. 168. *Tnformation to the authors. 
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ings with steers (778), Skinner and King report that the appetite of 
lambs for dry roughage was not satisfied by supplying oat straw in ad- 
dition to silage. They therefore conclude that for the best results legume 
hay should be fed with corn silage. 

The second part of the table shows that the largest allowance of si- 
lage produced the most rapid, and, with feeds at the usual prices, the 
cheapest gains. Similar results were secured by Skinner and King* in 
2 trials in which large or small allowances of silage were compared when 

fed with clover hay, shelled corn, and cottonseed meal. In each trial 
as good or better finish was produced by the heavy silage feeding. 

Skinner and King conclude that it is best to allow the lambs all the 
silage they will clean up both morning and evening, with free access to 
legume hay. It is interesting to note that the lambs given all the silage 
they would eat still consumed more than half as much hay as they did 
silage, while on similar feeds steers eat 5 to 7 times as much silage as 
hay. (776) 

870. Silage other than corn.—Sorghum silage from plants sufficiently 
matured to produce silage low in acidity is satisfactory for sheep. This 
is shown by the results already reported (853), secured by Cochel* in 
trials at the Kansas Station in fattening lambs on sweet sorghum silage, 
alfalfa hay, cottonseed meal, and corn or kafir grain. In a 119-day trial 

by Jones of the Texas Station® a lot of 250 western lambs were fed a 
ration of 0.23 lb. cottonseed meal and 3.8 lbs. of feterita and sorghum 
silage during the first 59 days, during which time the average daily 
gain was 0.28 lb. Ground feterita was then added, the average ration 
during the remainder of the trial consisting of 0.35 lb. cottonseed meal, 
1.0 lb. feterita, and 3.5 Ibs. silage. During the last 60 days the lambs 
gained 0.29 Ib. per head daily, requiring 121 lbs. cottonseed meal, 341 
Ibs. feterita, and 1,196 lbs. silage for 100 lbs. gain. While these lambs, 

fed silage as the sole roughage, made satisfactory gains, Jones states 
that it is advisable to supply.some dry roughage, as otherwise the lambs 
are apt to go off feed. 

In districts where the field pea flourishes, the whole plant may be 
profitably ensiled for sheep fattening. (3855) In the vicinity of pea 
canneries fattening sheep and lambs on ensiled pea vines and pods 
is an important industry, especially in Wisconsin. (356) Some dry 
roughage, such as corn stover or hay, is supplied in addition to the 

silage, and grain or screenings fed, especially during the latter part of 
the fattening period. Tormey® of the Wisconsin Station reports that 
one winter a large feeder fed about 6,000 59-lb. lambs for an average 
of 94 days on a ration of 1.6 lbs. of grain, chiefly corn and screenings, 

3.5 lbs. pea vine silage, and a small allowance of hay. The lambs gained 
0.30 lb. per head daily on the average, requiring 541 lbs. grain and 
1,147 lbs. silage for 100 lbs. gain. 

SInd. Bul. 162. *Information to the authors. 

“Information to the authors. Country Gentleman, 79, p. 808. 
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871. Wet beet pulp—Wet beet pulp has been extensively fed to fat- 

tening sheep in the vicinity of beet sugar factories in the western states, 
and has proved an excellent feed. The value of an unlimited allowance 
of pulp and alfalfa hay, fed with and without grain, was tested by Lin- 

field at the Utah Station in a 78-day trial with the following results: 

Wet beet pulp with and without grain for fattening lambs 
Initial Daily Feed for 100 Ibs. gain 

Average ration weight gain Concentrates Pulp ay 
Lbs. Lbs. bs. Lbs. Lbs. 

Lot I, 17 lambs 
Wet beet pulp, 3.3 Ibs. 
Alfalfa hay, 1.4 lbs. 

Screenings and bran, 0.5 |b...... 54 0.33 156 1,014 423 

Lot II, 17 lambs 
Wet beet pulp, 3.7 lbs. 
Altalta hays lGylbste.cn: oa 0 -%ee Ol 0.21 ae 1,786 797 

Lot I, fed a half-pound of concentrates with an unlimited allowance 
of pulp and alfalfa hay, made over 50 per ct. larger gains than Lot I, 

fed pulp and hay only. The feeding of 156 Ibs. of grain effected a sav- 
ing of 772 lbs. of wet beet pulp and 374 lbs. of alfalfa hay for each 
100 lbs. of gain. In another trial®* practically as large and decidedly 
more economical gains were produced with an average daily grain allow- 

ance of 0.4 lb. per head as when 0.9 lb. was fed. The Colorado Sta- 
tion®® found 1 ton of wet beet pulp equal to 200 lbs. of corn for fatten- 
ing lambs, tho when fed without grain it produced soft flesh and the 
lambs shrank excessively when shipped. Alfalfa hay contains an abun- 
dance of protein and mineral matter, in which both corn and beet pulp 
are deficient, and is therefore an admirable roughage to use with the 

pulp. Pulp is especially suitable for fattening aged ewes with poor teeth. 
When feeding heavily with pulp, the yards should be kept dry by proper 

drainage and the use of bedding. Morton‘ of the Colorado Station states 
that in Colorado pulp is generally fed to old ewes and wethers, rather 
than lambs, the pulp seeming to be too bulky to give the best results with 

the younger animals. Owing to its cheapness the pulp is usually fed in 
unlimited allowance thruout the whole fattening period. (274) 

872. Pastures—As sheep relish weeds and browse with avidity on 
sprouts and brush refused by other stock, they are helpful in cleaning 
up the farm, especially such by-places as lanes and fence corners. Of 

the permanent pastures, bluegrass is the most common in the upper Mis- 

sissippi valley and eastward. (311) Farther south red top is prominent, 

and in the southern states Bermuda grass. (314, 320) In the West the 
native grasses, especially the grama species, furnish much of the graz- 
ing on the ranges, tho on mountain ranges in Idaho, Beattie of the Wash- 
ington Station’ found the food mostly herbs, and the leaves and twigs 

of shrubs. 

Utah Bul. 78. © Color bit). 76: Wash. Bul. 113. 

SUtah Bul. 90. Information to the authors. ; 
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The clovers furnish valuable pasture, but great care is necessary to 

prevent bloat when sheep are grazed on them. (340, 348) Alfalfa is 

especially lable to cause bloat and can be recommended as a pasture 
plant for but few sections, altho some skillful flockmasters suffer little 
loss. In some sections of the West alfalfa is utilized for winter grazing 
as it is then so lacking in succulence that danger from bloat is practically 
absent. In the humid regions care is always necessary to prevent in- 
festation with stomach worms when permanent pastures are used. 

873. Annual pastures.—Grazing sheep chiefly on annual pastures spe- 
cially sown for them was first practiced in America at the Minnesota 

Station in 1895 by Shaw.** This system enables the flockmaster to main- 
tain more animals on a given area than otherwise, favors rapid, contin- 

uous gains by providing succulent pasture from spring to fall, destroys 
nearly all kinds of weeds, and uniformly fertilizes the land. In one trial 
Shaw grazed 2 lots, each of ten 80-lb. yearling wethers, for 112 days by 
means of hurdles on the following succession of pastures: Winter rye, 
peas and oats, barley and oats, rape, kale, peas and oats. Lot II re- 

eeived 0.5 lb. of oats per head daily in addition to pasture, as is shown 
below: 

Grazing yearling wethers on special crops with and without grain 
Average ration Daily gain Gain per head 

Lbs. Lbs. 

ote IF ASTUTE Aare i iy ok SEN ey os SPRUE I, Bey hs te 0.15 16.8 
HomiinbasturerandiOnoplbsoatss sa. ge eee ac: 0.24 26.9 

While the gains were not large with either lot, they were all that could 

be expected during warm weather. Lot II gained 60 per ct. more than 

Lot I, which received no grain, and was in better condition at the close 
of the trial. The increase in gain was worth more than the grain fed. 

In this system grass pasture should be available during wet seasons, es- 
pecially on heavy soils. 

Craig*® reports that on British farms heavily stocked with sheep. a 
rotation of grazing crops carries the ewes and lambs from the first of 
the season until weaning, after which the ewes go on old grass land and 
the lambs to freshly seeded land or other green crops. Lands newly 
seeded to grass and clover can be successfully pastured by sheep pro- 
vided they are withdrawn therefrom when the ground is soft from rain 
and if they are not allowed to crop the young plants too closely. 

874. Supplementary grazing crops.—More common than keeping sheep 
primarily on annual pastures is the growing practice of using various 
annual crops to supplement permanent pastures. The earliest grazing 
is usually furnished by the cereals, the best of which, according to 

Shaw,’* is winter rye. Rye is also grown for fall grazing and in sec- 
tions with moderate winters, winter wheat furnishes feed during the 
colder months. (818) The sorghums are useful in the plains region, 

?Minn. Bul. 78. “Management and Feeding of Sheep, p. 171. 

*Sheep Farming, p. 206. 



546 FEEDS AND FEEDING 

altho not especially relished by sheep. Where they flourish field peas, 
vetches, cowpeas, and crimson and Japan clover all furnish excellent 
grazing. (355, 359, 357, 358, 360) Rape is the most widely useful member 
of the mustard family, which furnishes several other grazing crops. (381) 
In the mild climate of the Pacific coast where it endures the winter, kale 
provides excellent spring feed. (882) In the fall kohlrabi and cabbage 
may be useful. (379-80) Both rutabagas and turnips are widely grown 
in Britain for grazing. Shaw suggests that these crops should be profit- 
able for winter grazing in the southern states. (370-1) 

Caution should be used in putting sheep onto clover or rape pasture, 

as both often cause bloat, which may prove fatal. When beginning to 
pasture these forages, the sheep should be allowed to graze but a short 

time the first day, and the period gradually increased till after a week 

they may remain continuously on the pasture. It is well to allow sheep to 
satisfy their hunger largely on other pasture or with hay or grain, be- 

fore turning them on these crops. Even when care is taken, animals 
occasionally bloat, especially on sultry days following a rain. Immediate 
attention is then necessary to save the afflicted ones. Kleinheinz® of the 

Wisconsin Station recommends a drench of a pint to a quart of milk 
warm from the cow. Others place a stick in the animal’s mouth, tied 
back of the head with a string, or resort to the trocar or knife. 

875. Rape.—To determine the value of rape for lambs Shaw’7® at the 
Ontario Agricultural College confined 3 lots of 71-lb. lambs each to a 
measured acre of rape by means of hurdles. Lot II was fed oats in ad- 
dition and Lot III had the run of an adjoining grass pasture. Each 

acre of rape lasted 15 lambs grazing thereon 58 days, during which time 
the gains were as indicated: 

Returns from rape grazed by fattening lambs 
Daily gain Gain per acre 

Lbs. Lbs. 

Lota le gape onlyerac ce he ee ee 0.39 344 
Lot II, Rape and 0.5 lb. oats per head daily...... 0.40 348 
Lot IIT, Rape and grass pasture adjoining......... 0.47 420 

The addition of oats did not prove economical, while the value and 
importance of grass pasture in supplementing rape is strongly brought 
out by the larger gains of Lot III. From 344 to 420 Ibs. of gain was 
made per acre of rape by these lambs. Shaw concludes that feeding 
erain to lambs grazing on rape will not pay when bluegrass pasture is 
available. The economy of feeding grain when no pasture is available 
will turn on the relative abundance of rape and the cost of grain, as the 
feeding of grain should decrease the amount of rape eaten. 

876. Rape vs. bluegrass—At the Wisconsin Station Craig’ grazed 
one lot of 48 lambs on a bluegrass pasture and another on rape for 4 
weeks, feeding in addition 0.7 lb. daily per head of a mixture of equal 

*Sheep Management, p. 121. “Management and Feeding of Sheep, p. 197. 

*Ont. Agr. Col. Rpt. 1891. ®Wis. Rpt. 1897. 
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parts of peas and corn. During this period the first lot consumed the 
rape on 0.64 acre. Both lots were then placed in pens and fed an un- 
limited allowance of hay and an increased grain allowance, as shown in 

the table: 

Relative value of rape and bluegrass pasture for lambs 

Pasture period of 4 weeks Pen period of 12 weeks 

Heed for 100 
ily ; $. gain 

Average ration Dey Average ration a — 

Grain| Hay 

Lbs. Lbs. | Lbs. | Lbs. 

I, Rape; grain, 0.7 lb.........| 0.37|] Grain, 1 lb.; hay, 0.6 lb. .| 0.24) 429 | 261 
JI, Bluegrass; grain, 0.7 lb...... 0.24|| Grain, 1 lb.; hay, 0.7 Ib..| 0.22] 476 | 315 

The table shows that the lambs pastured on rape did much better than 
those on bluegrass, both while on pasture and later when confined to 

feeding pens. 



CHAPTER XXXII 

GENERAL CARE OF SHEEP AND LAMBS—FATTENING—HOT- 
HOUSE LAMBS—GOATS 

Il. THe Breepine FLocKk 

Order, regularity, and quiet are paramount in the management of 
sheep. The flock should always be cared for by the same attendant, who 
moves among them quietly, giving notice of his approach by speaking 
in a low voice and closing doors and gates gently. Dogs and strangers 

should be kept from the pens at all times. Cleanliness is essential, for 

the sheep is the most dainty and particular of all farm animals. The 

suecessful shepherd is therefore gentle, patient, punctual, and cleanly 
at all times in the care of his flock. 

877. The ewe flock.—Autumn is the time when the beginner in sheep 
husbandry usually makes his start, and when preparations for the sue- 

ceeding lamb crop are made in flocks already established. Before the 
breeding season opens in the fall, all non-breeding ewes, poor milkers, 
those with ‘*‘broken’’ mouths or spoiled udders, and others which are too 
old or otherwise past usefulness should be discarded. The reserve ewes 

should not be selected by looks alone, for the thinnest ones may have 
been brought to this condition by a heavy milk flow. As a rule a good 
ewe should be retained as long as she will breed. The ewes disposed of 
should be replaced by the yearlings picked as most promising the pre- 
ceeding fall while still lambs. 

878. Date of lambing; gestation period.—The lamb dropped in late 
winter or early spring is far more valuable than one coming later. Under 
eood management the early-yeaned lamb comes into the world with com- 

fortable surroundings and a kind master to give attentions conducive to 
comfort and growth. With the coming of spring the young thing is of 
sufficient size and vigor to pass out with its dam and make the most of 
the fresh grass and genial sunshine. The early lamb is less susceptible 
to stomach worms and many of the evils which attack the later-dropped 
lambs. Early farm-raised lambs may be fattened and sold before the 
market is flooded with western range lambs from the feed lots. Where 
there are poor accommodations or cold quarters lambs should not be 
dropped in northern latitudes earlier than May, and not until the dams 
are on pasture. 

The most extensive data on the gestation period of the ewe are those 
compiled by Humphrey and Kleinheinz! from the records of the flock 
at the Wisconsin Station, consisting mainly of ewes of the English 

1Information to the authors. 
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breeds. The gestation period for 1,142 ewes ranged from 140 to 156 
days, the average being 147 days. The greatest number (19 per ct.) 

dropped their lambs on the 146th day, followed by the 147th and 145th. 
Over half the entire number yeaned on these 3 days. Tessier of France? 
reports that the average gestation period of 912 ewes, doubtless of the 
Merino breed, was 152 days, over 75 per ct. lambing between the 150th 

and 154th days. This accords with the Wisconsin records, which show 

that the Merino and Cheviot ewes carried their lambs longer than those 
of the English breeds. It was further found that the gestation period 
for Shropshires and Southdowns was shorter than for the larger English 
breeds. 

879. Flushing the ewes.—Altho the ewe with lamb at foot may have 
had good care and pasture during the summer, if she has had a large 
milk flow she will be somewhat run down by fall. With the farm flock 

it is often advisable to ‘‘flush’’ the ewes after their lambs are weaned 
and before breeding, a common practice with English flockmasters. This 
consists in giving an extra allowance of nutritious, highly palatable food 
for 2 or 3 weeks before the desired date of breeding, so that the ewes 
will then be rapidly gaining in flesh. Several advantages result from this 
practice. Not only is the ewe which is bred in a thrifty condition more 
certain to produce a vigorous lamb, but she is a more reliable breeder and 
more likely to drop twins. The fiock will all breed within a briefer time 
if flushed, thus shortening the lambing period with its anxious hours. 
Craig* found that ewes suckling twins lost no more flesh than those with 
one lamb, and that twins made as rapid gains as singles; hence the ad- 
vantage of twins under favorable farm conditions. On the western 
ranges, where but little attention can be given to the individual ewe, 
single lambs have given the best results. 

880. The ram.—A well-built, vigorous ram should be chosen and then 
be so fed and eared for that he will remain virile. He needs no grain 
while on good pasture during summer, but beginning at least a month 
before breeding time some concentrate should be fed. During the breed- 
ing season he should be kept in good condition on such muscle-forming 
foods as bran, oats, peas, and oil meal, and not be allowed to run down 

thru insufficient feed or over use. On the other hand, he should never 

become fat. In purchasing, avoid a ram that has been fitted for shows, 
for such high living tends to impotence. 

During the breeding season the ram should run with the ewes but a 
short time daily, or at night only. Where ‘‘hand coupling”’ is not prac- 

ticed, to determine whether a ewe has been bred and at what time, the 
ram should be painted on the brisket with some compound which will 
leave a mark on the wool of the ewe. 

In the winter the ram may be kept in thrifty condition on a daily al- 
lowance of 0.5 to 1.0 lb. of concentrates, with good roughage. Some suc- 
eulent food is desirable but mangels and sugar beets should be avoided. 

Coleman, Sheep of Great Britain. ’Wis. Rpt. 1899. 
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(864) Ram lambs need liberal rations of muscle-building foods, but 
should be given little fat-forming food. Lack of exercise injures the 
ram’s procreative powers. LTxcept during mating time the ram should 

be kept away from the ewe flock, so that he cannot annoy them. 
881. The flock in winter.—Before going into winter quarters the flock 

should be divided into groups of the same age, sex, strength, and gen- 
eral characteristics. To give the highest returns a division of mutton 
sheep should not contain over 50 members. Aged breeding ewes should 
constitute one band, shearling ewes another, the ewe lambs a third, and 
the wether lambs a fourth. These bands should be again divided if there 
is a marked difference between their strongest and weakest members. 

Hach member will then have an equal chance with its fellows at the feed 

trough and in enjoying comforts and attentions from the shepherd’s 
hand, and the ration may then be adapted to the special needs of each 

group. 
The quarters for the flock in winter should be dry, well-ventilated, and 

sunny. Drafts must be avoided, or trouble is sure to result. Warm quar- 

ters are not only unnecessary, but inadvisable. (832) From 10 to 15 
square feet of ground space should be provided for each ewe. There 
should be wide doorways, lest the animals suffer injury when all attempt 
to rush thru at once, in true sheep fashion. Conveniently placed feed 

racks should furnish 15 to 24 inches of space per head. 
To insure a crop of strong, healthy lambs exercise for the ewes is 

essential. Breeding sheep housed in winter should have access to a dry, 
sunny yard, well protected from wind and storm. To force the ewes 
to exercise on all fair days roughage may be scattered in small bunches 

over a nearby field. When the snow is deep, paths should be broken 
out with snow plow or stone boat. On stormy days the sheep should 

remain indoors, for wet fleeces dry but slowly in winter. 
882. Wintering the breeding ewes—When pasturage is deficient in 

the fall or the grass soft and washy, it is well to provide supplemental 
feed before the ewes are taken off pasture. This may be hay, grain, or 
better, such grazing crops as rape or fall rye. For the greatest economy 

the winter feed of the ewes should consist largely of roughages, hay 
from the legumes easily leading. (857) Indeed, when good legume hay 
is given along with an allowance of roots or silage no grain is needed 
until about a month before lambing time. The aim should be to bring 

the ewes to lambing in medium flesh and vigorous condition, thus in- 
suring a good milk flow for the new-born lambs. The trained shepherd 
knows that the only safe way to determine the condition of a sheep 
is by ‘‘handling’’ its back. If he finds that the ewes are not thriving, 

he will add concentrates to their ration. With an ample supply of good 
roughage not over 0.5 Ib. per head daily of concentrates is needed. While 
breeding ewes should not be fat, they should carry more flesh than most 
American farmers think proper. To winter them on only straw, or straw 
and hay is to perpetuate a flock that will gradually but surely deteriorate. 

Both ram and ewe lambs intended for the breeding flock should receive 
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liberal rations of muscle-building foods during the first winter to insure 
steady growth, but they should never receive a fattening ration. Craig‘ 
writes: ‘‘The growth and development of the lamb the first year of its 
life determines very largely the size and weight of the fleece and the 
vigor and power the animal will attain.’’ 

883. Concentrates for ewes.—Such feeds as oats, bran, and peas are 

especially suitable for breeding ewes, since they contain ample protein 
and mineral matter and do not tend to fatten. When legume hay is 
fed, carbonaceous grains, such as corn, barley, and kafir, may be used, 

but should preferably form but a part of the grain allowance for they 

are too fattening. Linseed meal and wheat bran ward off constipation, 
which is responsible for many of the winter troubles of the breeding 
flock. For this purpose 1 or 2 tablespoonfuls of linseed meal a day 
should suffice. (855-6) 

The value of various concentrates for wintering breeding ewes was 
studied at the Wisconsin Station by Carlyle and Kleinheinz® with uni- 
form lots, each of 12 ewes, chiefly of the mutton breeds and ranging from 

138 to 157 Ibs. Hach ewe was fed 2 lbs. of mixed hay and 2.5 lbs. corn 
silage, with 0.5 lb. of concentrates, as shown in the table: 

Comparison of concentrates for wintering breeding ewes 

Average concentrate allowance et gain 
s. 

OMPL A VVENOlE ORUSHORS De ets stash en ste oe ane de eed ee 0.23 
roimelle a Witieat bran. Ol lbsseiicedn acaba cls dotiGth asians Oe Sah 0.20 
Hotwhile Shelled: corm, Obsodlbssaeyscy cose deo ce pete Rok ce tk af oil kes Paes OF23 
Pare ver Dried brewers eralns sO. lb: os ee hata hosel oe. 0.24 

All rations proved satisfactory, these large ewes gaining steadily on 
the 0.5 lb. of concentrates. When the milk flow of the ewe after lambing 
was considered, dried brewers’ grains ranked first. A fifth lot fed 0.7 
Ib. of a mixture of equal parts of corn, bran, and oats made no larger 

gains, tho consuming slightly more hay and silage. From these data 

and those following, the cost of feed required to winter breeding ewes 
may readily be computed. 

884. Roughages and succulence.—Ewes should have an abundant sup- 
ply of roughage, the legume hays—alfalfa, red and alsike clover, cow- 

pea, and vetch—being the best. (857-9) Other useful roughages supply- 
ing less protein are corn fodder or corn stover, cut while the leaves are 
still green, prairie hay, oat hay, pea straw, oat straw, barley straw, ete. 

These serve best when fed with good legume hay. (861-2) Alsike clover 
is highly satisfactory. Timothy hay is unsatisfactory for it may cause 
serious constipation. Succulent feeds promote thrift and keep the di- 
gestive organs in condition. Chopped roots are an excellent succulence, 
tho corn silage, free from mold and low in acid, is equally satisfactory 
and usually less expensive. (864-6) It is not wise to supply too much 
succulent feed to pregnant ewes, for shepherds declare that it produces 
soft, flabby lambs. Tho larger allowances are sometimes successfully fed 

‘Wis. Rpt. 1897. i ‘Wis. Rpt. 1903. 
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when silage of excellent quality, high in dry matter, is available, Klein- 

heinz® of the Wisconsin Station recommends no more than 2 lbs. per 
head daily of roots or silage for ewes in lamb. At the Missouri Station 
during each of 2 winters Hackedorn’ compared various roughages for 
ewes, when fed with and without a concentrate mixture of 6 parts shelled 
corn, 3 of wheat bran, and 1 of pea-size linseed cake by weight. Lots of 9 
to 17 western ewes, averaging 86 lbs., were fed the rations shown in the 

table: 

Comparison of roughages for wintering breeding ewes 
Total gain 

Daily grain or loss 
Average daily roughage allowance allowance per head 

Lbs. Lbs. 

Lot i, Clover hay.3 20! bsine scares cee etek. cee ee 0.44 +4.9 
Lot II, Corn silage, 2.1 lbs. Clover hay, 2.1 lbs.......... 0.45 +4.3 
lbp}; mA ONC lo parsMbtegey Glatt Mena sian o aan also Goce ooo 6 ook 0.48 +1.2 
Lot IV, Corn stover, 2.4 lbs. Clover hay, 1.9 lbs........ 0.40 —0.3 
Lot Vs iCornkstovers Gr 2albsrnd tac ones tae ne O50 a —Ors 
Lot VI, Corn silage, 2.4 lbs. Clover hay, 1.9 lbs......... sty ie, hee 2E6 
Lot VII, Corn stover, 2.3 lbs. Clover hay, 2.3 lbs........ .... —2.1 
Lot Vita. Clover hay, d:albss (One trial)e oe. se eee i ae) 

Clover hay and grain, fed Lot I, and corn silage, clover hay, and 
grain, fed Lot II, proved the most satisfactory rations. The ewes in 
Lot IV, fed corn stover, clover hay, and 0.40 lb. grain daily, nearly main- 

tained their weights and produced strong, thrifty lambs. A compar- 
ison of Lots II and IV, with III and V, shows that the ewes fed silage 

maintained their weight, while those fed stover lost a trifle. (867) The 

rations fed Lots VI, VII, and VIII, containing no grain, were quite 
satisfactory up to lambing, nearly maintaining the weights of the ewes. 
After lambing, however, it was necessary to add grain to the ration to 

produce a milk flow sufficient for the lambs. 
At the Alabama Station Gray and Ridgeway*® found that breeding 

ewes gained 1.6 Ibs. per head during 106 days on a ration of 1.9 lbs. 

soybean hay, maintaining their weight practically as well as others fed 
0.5 lb. cottonseed meal and 1.8 Ibs. cottonseed hulls. 

Carlyle and Kleinheinz® studied the value of corn forage (corn fodder 

and corn stover), corn silage, and roots for wintering breeding ewes 

during each of 2 winters at the Wisconsin Station. Lots of 12 ewes, 
averaging 148 lbs. and mostly of the mutton breeds, were fed 0.5 lb. of 
a mixture of equal parts corn, oats, and wheat bran per head daily, with 

the roughages shown in the table: 

Corn forage, corn silage, and roots for wintering breeding ewes 
Average roughage allowance Av. ay gain 

‘ sos. 

Lot <I, Corn silage,'2:9ilbs. =) Mixed hay, 2:dlbsit)... cu Pypaieeeerens 0.16 
Lot. 317;,Roots,.2.9 lbs. 7Mixed hay, 2: Grlbstgsee cis. «x pe eterna 0.18 
Lot II, Corn silage, 3:0 Ibs. Corn forage eS 1b8.< «ios heave or 0.09 
of TV,;Corn ‘forsee, 3.3 lbss2u: <0). eee eens ena 0.19 

*Sheep Management, p. 35. | SAla. Bul. -148. 
™Mo. Bul. 120. °*Wis. Rpts. 1900, 1901. 
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The ewes were satisfactorily maintained in all cases. A significant 

finding was that Lot I, fed corn silage, mixed hay, and grain, made prac- 
tically as large gains as Lot II, getting roots in place of silage, and re- 

quired 0.5 lb. less hay per head daily. 
Tomhave and Severson of the Pennsylvania Station’? report that breed- 

ing ewes were maintained satisfactorily on alfalfa hay and corn silage 

with 0.25 to 0.50 lb. of a mixture of 15 parts of shelled corn, 3 of oats, 
2 of wheat bran, and 1 of linseed meal. When silage was fed as the 
sole roughage the cost of feed was reduced but a large loss of lambs 

resulted. 
Trials by Skinner and Smith"! at the Indiana Station and Evvard’’ 

at the Lowa Station likewise show the value of corn silage for breeding 

ewes. Corn silage and clover hay proved a more economical roughage 
allowance than clover hay alone. 

885. Lambing time.—As lambing time approaches, the shepherd should 
take quarters in the sheep barn or close by, and remain in attendance 

until the season is over. It is wise to provide lambing pens for the 
ewes and their newly born lambs. Where lambs come early, the pens 

should be kept warmer than the quarters for the rest of the flock. Here 

each ewe and her new-born young remain for a couple of days until they 
are well wonted to each other and the lambs strong enough to look out 
for themselves among the flock. Then they may pass back to the flock 
or to quarters especially set apart for the ewes and lambs. 

As they enter the world lambs of the mutton breeds often need quick, 
intelligent attention, which is always given by the true shepherd. The 

mucus should be cleaned from the nostrils and mouth of any weakling. 
With the first fill of milk from the dam the new-born lamb becomes 
comfortable, and is usually able thereafter to care for itself. The new- 
born unable to draw milk within a few minutes after birth should have 
patient, intelligent assistance; to this end the ewe must be held, and the 
lamb aided, all being accomplished by that kindly, sympathetic skill so 

characteristic of the good shepherd, but impossible of description. A 
chilled, new-born lamb is best warmed by immersion in water as hot as 

the hand can bear. When well warmed it should be wiped dry, taken 
to its mother, and held until supplied with her milk. Some advise’ 
wrapping it in thick woolen cloths that have been warmed on a stove, 
and renewing these as often as they become cool. A lamb born almost 
lifeless may often be restored by alternately blowing gently into the 

mouth to start breathing, and laying it on its belly and slapping the 
body smartly on each side of the heart.1* One twin is usually weaker 

than the other, and frequently the mother cares only for the stronger 
one. Here the shepherd’s tact serves well in promptly helping the weak- 
ling to its full share of food. 

A ewe that refuses her lamb will usually accept it if they are placed 

Information to the authors. Craig, Sheep Farming, p. 193. 

sl bayok, 1aqbdk, WG Moni, (Cabs (op “Kleinheinz, Sheep Management, p. 47. 

® 
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together in a small pen out of sight of the other sheep and the lamb 
helped to suckle a few times. The stubborn ewe may be confined in 
stanchions so that she cannot prevent the lamb sucking. In case a ewe 

loses her lamb, she may often be induced to adopt a twin by first sprink- 
ling some of her own milk over it. Still more effective is tying the skin 

from the dead lamb upon the back of the one to be adopted. 
886. Breeding studies; weight of lambs.—The following table gives the 

average birth weight and percentage of increase (the annual number of 

lambs per 100 ewes) of lambs from ewes of different breeds, as recorded 

during 24 years by Kleinheinz’ with the flock at the Wisconsin Station. 

Annual increase from ewes and birth weight of lambs 

Av. birth wt. of lambs 

Breed pete: Increase 53 Twins Triplets 
Singles (each) (each) 

Per ct. Lbs. Lbs. Lbs. 

Southdown............. 181 154 9.15 7.70 5.50 
Shropshinews ss ase ee ee 448 167 9.51 7.67 6.49 
Hampshire... 9... 8 es 96 156 10.61 $23 (210 
Cheviot-: asec see 81 147 9.45 7.67 8 .20 
DOTSChe oak ee dee oe 30 163 10.20 8.46 7.50 
OxtordecueMen acs ene | 12 183 10 .42 8.18 Pf Ae 

Tho the table shows a considerable range of increase for the several 

breeds, data from many flocks covering a much larger number of ani- 

mals, would be necessary to show definitely any real difference in this 

regard. These data are of interest in showing the actual increase ob- 

tained with good feed and excellent care. The single lambs averaged 
somewhat heavier than the twins, and the twins larger than the trip- 

lets, tho the difference is not great. . 

The percentage of increase was highest with ewes 4 to 6 years old, 
due somewhat to discarding the poorer breeders as 3-yr.-olds. After 

the 6th year the fecundity of the ewes lessened. The larger the ewe of 

a given breed the greater was the percentage of increase and the larger 
the lambs. To a less degree the size of the ram had the same influence. 

The gestation period tended to be slightly longer with large lambs. 
The average birth weight of the ram lambs was about 0.5 Ib. greater 
than of ewe lambs. Of 1,804 lambs yeaned, 900 were ewes and 904 rams. 

As the records grow, the more nearly do the sexes balance. 
887. After lambing.—Soon after lambing the ewe should be given 

water with the chill removed. For 2 or 3 days but little grain should 
be fed, to avoid udder troubles, but she may have all the dry roughage 

she wishes. Close attention must be given for a few days to see that 
the lamb is taking milk from both sides of the udder. All surplus milk 
should be drawn, or better, a needy lamb helped to an extra meal. Caked 
udders and sore teats should receive prompt treatment. 

“Wis. Rpts. 1902, 1907, and information to the authors. 
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With the demand for more milk by the lamb, the ewe’s ration should 

be increased, for sucklings make the most economical gains. (114) If 
there is not sufficient roughage of high quality for the entire winter the 
most palatable and nutritious portion should be reserved until after the 
lambing period. Legume hay and succulent feeds are essential at this 
time, and more succulence can be safely fed than before lambing. The 
amount and character of the concentrates fed depend on the roughage, 
but seldom is over 2 Ibs. per ewe daily necessary. 

888. Ewe’s milk—In America the milk of sheep is seldom used by 
man, but abroad, and especially in the mountain regions of continental 
Europe, it is extensively employed, both for direct consumption and for 

the manufacture of cheese. The average composition of ewe’s milk com- 
pared with that of cow’s milk, is shown in the following table: 

Composition of ewe’s and cow’s milk 

No. of Casein and 
analyses Water albumin Fat Sugar Ash 

Per ct. Per ct. Per ct. Per ct. Per ct. 

Ewe’s milk (Sartori) 2,700. 78.70 6.30 8 .94 5.06 1.02 
Cow’s milk (K6énig") 705 87 27 3.39 3.68 4.94 0.72 

The table shows that ewe’s milk is much richer in protein (casein and 
albumin) and fat, and higher in ash than cow’s milk. (265) Ewe’s milk 

has a peculiar, somewhat unpleasant odor and taste, 1s thicker, and sours 

more slowly than cow’s milk.” The fat content is extremely variable, 
ranging from 2 to 12 per ct.1® The butter is pale yellow, less firm than 
cow’s butter, and becomes rancid much quicker. 

The yield of milk by sheep will vary greatly according to breed and 

feed. Sieglin?® states that the East Friesian milk sheep in Germany 
at 2 to 3 years of age yield from 3 to 4 quarts of milk daily for 2 months 
after weaning their lambs, and keep up an excellent flow during the 
autumn months. These sheep are prolific, dropping 2, 3, and even 4 

lambs, individuals lambing twice a year. Three sheep are estimated to 

consume as much feed as 1 cow. Ordinary sheep yield from 100 to 150 

Ibs. of milk per year, while the milk breeds produce from 300 to 1,400 lbs. 
889. Milking qualities of ewes——To determine the yield and compo- 

sition of milk from various breeds Carlyle, Fuller, and Kleinheinz?° 

at the Wisconsin Station kept lambs from their dams except at regular 
intervals when they were allowed to suckle. The milk yielded by the 

ewes was determined by weighing the lambs immediately before and 
after placing them with their dams. 

Jensen, Milchkunde und Milchhygiene, p. 18. 

™Chem. Nahrungs- und Genussmittel, II, 1904, p. 602. 

%See Staz. Sper. Ag. Ital. 23, p. 572; Analyst, 1893, p. 248; Fleischmann, Milch- 
wirtschaft, 1901, p. 64; Jensen, Milchkunde und Milchhygiene, 1903, p. 17. 

“!Schifer-Sieglin, Lehrbuch der Milchwirtschaft, 1908, p. 17. 

*° Wis. Rpt. 1904. 
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Daily milk yield of ewes of different breeds 
Composition of milk 

Number Av. daily Solids Total Specific 
Breed of ewes milk yield Fat not fat solids gravity 

; Lbs. Per ct. Per ct. Per ct. 

Oxtords aie aie eee 2 3.1 are TARO 18.6 1.088 
Southdown............ 2 1.9 8.4 11.1 19%5 1.088 
TD OLSE tah oth tenant ttacmens 2 4.3 Ufo. 10.9 18.1 1.038 
SHTOPSHIne waite aimee 3 2eO 5.9 10.8 16.7 1.039 
WMerinOw see oe eee 3 Do 6.0 10.8 16.8 1.038 

Ran CO eee tcc 2 204 U2, 11.1 18 .3 1.039 

Average, 14 ewes.... 2.8 hell 10.9 18.2 1.038 

The Dorsets gave the most and the Southdowns the richest milk. On 
the average the milk contained over 7 per ct. fat and nearly 11 per ct. 
of solids not fat, its specific gravity exceeding that of cow’s milk. 

890. Feed for 100 lbs. of ewe’s milk.—At the Wisconsin Station Shep- 
perd*? recorded the milk yield of ewes receiving a mixture of 3 parts 

wheat bran and 1 of linseed meal, with fair-quality clover hay and sliced 
potatoes for roughage. 

eed and water consumed by ewes for each 100 lbs. of milk produced 
Concentrates Clover hay Potatoes Water drunk Dry matter 

Lbs. Lbs. bs. bs. Lbs. 

Single ewe....... 51 61.6 38 293 105 
Group of 2 ewes.. 59 55.5 29 417 105 
Group of 2 ewes.. 72 63 .0 36 404 125 

The single ewe produced 100 Ibs. of milk while consuming 51 Ibs. of 
concentrates, 61.6 lbs. of clover hay, and 38 lbs. of potatoes, containing 
in all 105 lbs. of dry matter. When we compare these figures with those 

showing the amount of dry matter required by cows for 100 lbs. of milk, 
(544) and further consider that the milk of the ewe is richer and that 
she is at the same time growing a fleece, the economy of her production 
is most striking and suggestive. 

891. Value of ewe’s milk for lambs.—Shepperd”? further recorded the 
amount of milk consumed by lambs and their gains by weighing the 
lambs before and after sucking. 

Daily gain of lambs and gain per pound of ewe’s milk consumed 
Milk for 100 lbs. 

Age Gain per day gain 
Lbs. Days Lbs. 

lam bP No. Lien aoe eee 25 0.62 641 
PSATMDUNO 2h ete cr oe eee pe ee 28 0.47 602 
PambENOwo sioc ee oer cee 36 0.44 690 
Tsim DUN Osc4..u oer a eee 34 0.40 629 

AVETAGC odie ania eee meee 31 0.48 640 

The lambs made an average daily gain of nearly 0.5 lb. and consumed 
640 lbs. of milk for 100 lbs. gain. Shepperd concludes that the gain of 

lambs, during the first month of their lives at least, is largely controlled 

* Agr. Science, VI, p. 397. 2 Aor, Science, VI, pp. 397, 405. 
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by the quantity of milk they receive, and consequently that ewes should 
be carefully selected for their milking qualities. 

892. Cow’s milk for lambs.—Lambs ean be successfully reared on cow’s 
milk, tho close attention is necessary during the first month. Warm cow’s 
milk with some cream added can be fed from a nursing bottle or a tea- 

pot over the spout of which a rubber ‘‘cot’’ with an opening in the end 
has been placed. At first the lamb should be fed 15 to 18 times in 24 
hours, and later half a dozen times. At the Wisconsin Station? the 
senior author reared 4 vigorous cross-bred Shropshire-Merino lambs, 10 

days old and averaging 10 lbs. in weight when the trial began, on cow’s 
milk and other appropriate feeding stuffs. For the first 21 days whole 
eow’s milk at blood heat constituted their sole food; later skim milk, 
ground oats, and green clover were supplied. During the last 21 days 
hay was fed in place of the milk. 

Cow’s milk and other feeds required for 100 lbs. gain with lambs 
Whole Skim Green 

Period milk milk Oats clover Hay 
Lbs. Lbs. Lbs. Lbs. Lbs. 

ils oOo hy PIVCEME) Gone cedeucoc 579 nae ee ee 
el jorratoel, Ils) CEAYSIs p5conocbcuac one 830 119 262 ae 
Sdeperiod, me 2iidayse samen see ee ie 291 1,197 176 

At the close of the last period, when 167 days old, the lambs averaged 
79 lbs. each, showing a daily gain, including birth weight, of nearly 0.5 
lb. each. The heavy gains which followed the use of cow’s milk sug- 
gest its profitable use in forcing lambs to meet the requirements of spe- 
cial markets, e. g., ‘‘ Christmas lambs.’’ 

893. Relative economy of lambs and pigs.—F rom the figures for the 

second period of the preceding article and those in Art. 1021 the fol- 
lowing data are deduced: | 

Feed required for 100 lbs. of increase by young pigs and lambs 
Teed Pigs Lambs 

Lbs. Lbs. 

ITV lea Renee arte tigate ae hy ee PR Atte. FOL Le bea E Sr ieAW hc venk, Ue 237 119 
(Sy erkamy daati fees Paar ep iaeuan oo) ike RAE) ON AEA 2 Aaa ee 475 830 
(Giizevaran' ollanrer ete Me ey edad cabon RI tn Oo Os a eae aed. 262 

Wiest Gre pana a baie Se oa Uoeek A cis VOL ening eens 316 284 

Estimating that 6 lbs. of skim milk equals 1 Ib. of meal in feeding 
value, according to the Danish formula, (958) we have 316 lbs. of meal 
or its equivalent, as the feed required for 100 lbs. of gain with unweaned 

pigs. Using the same ratio for the skim milk fed to the lambs and allow- 
ing 10 lbs. of green clover to equal 1 lb. of meal, we have 284 lbs. of meal, 
or its equivalent, as the feed required for 100 lbs. of gain with young 
lambs, or 32 lbs. less than that required by the pigs. From this it is 

apparent that lambs make at least as economical gains for feed consumed 
as do pigs of the same age. 

2Wis. Rpt. 1890. 
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894. The young lamb.—When about 2 weeks old the lusty young lamb 
will be found nibbling forage at the feed trough beside its dam, and the 

shepherd should provide specially for its wants to early accustom it to 
take additional food. This is best accomplished by having an enclosure 

or room called the ‘‘lamb-creep’’ adjoining the ewe-pen, into which the 
lambs find their way, while the mothers are prevented from entering 

because of the limited size of the openings. In this space, accessible to 

the lambs only, should be placed a low, flat-bottomed trough, with an ob- 
struction lengthwise over the top to prevent the lambs from jumping into 

it. In the trough should be sprinkled a little meal especially palatable 
to the lamb, such as ground oats, bran, corn meal or cracked corn, oil 
meal, soybean meal—one or all—varying the mixture to suit the chang- 
ing tastes of the young things. At first they will take but little, but soon 
they become regular attendants at the trough thru habit impelled by 
appetite. There should be no more feed in the trough at any time than 
will be quickly consumed, and any left over must be removed and the 

trough thoroly cleaned before the next allowance is given. Fine alfalfa 
or second-crop clover hay should be provided, and roots, cabbage, or 

good silage will be appreciated. All feed should be fresh, with no 
smell of the stable—that which is left over can be given to the pigs. 
Lambs will drink a good deal of water, and this also must be fresh and 
clean. Ram lambs not intended for breeding should be castrated when 
1 to 2 weeks old, and all lambs should be docked, the ewes when 8 to 

14 days old and the rams 5 to 7 days after castration. 

895. Turing to pasture—With the springing of the grass, ewes and 
lambs should be turned to pasture for a short time during the warm 
part of the day. It is best to accomplish the change gradually and 
while the grass is short. After a few hours spent in the sunshine, nib- 

bling at the grass, the ewes and lambs should be returned to shelter, 

where a full feed awaits then. When the grass has become ample and 
nutritious, stable feeding may be dropped for ewes, or both ewes and 
lambs, according to the plan followed. With good pasture, breeding 
ewes need no grain. Indeed, we may look forward to the pasture sea- 

son as marking the time to ‘‘draw the grain from their systems,’’ as 
it is termed by shepherds. In some instances pasture so stimulates the 
milk flow of ewes that an over-supply of rich milk causes digestive de- 
rangement and sudden death with young lambs. The shepherd should 
forestall such trouble by removing the ewes from the pasture after a few 
hours grazing each day, and by giving hay or other dry feeds, thereby 

reducing the milk flow. 
It is usually best to feed the lambs concentrates in addition to what 

they get from dams and pasture. To this end, at some convenient point 

in the pasture let there be a ‘‘lamb-creep,’’ and in a space accessible by 
way of the creep a trough for feeding grain. Whenever the lamb passes 
thru the creep it should find something in this trough to tempt the appe- 
tite—oats, bran, pea meal, and corn meal constituting the leading 
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articles. Williams of the Arizona Station** reports good results from 

feeding a mixture of 4 parts of corn meal, 1 of bran, and 1 of cottonseed 
meal to lambs running with their dams on alfalfa pasture. Grain never 
gives such large returns as when fed to thrifty young animals, and the 
growing lamb is no exception. 

896. At weaning time.——Lambs of the mutton breeds, more or less 
helpless at birth, are lusty at 4 months of age, and will be found graz- 
ing regularly beside their dams in pasture when not at rest or eating 

grain within the lamb-creep. At this time they should generally be 

weaned, for their own good as well as to allow their dams a rest before 
another breeding season. Wing’? states that it is not necessary to wean 
lambs of the mutton breeds before they go to market if they have been 

well fed, for they will reach a weight of 75 to 85 Ibs. while suckling 

their mothers. If possible, advantage should be taken of a cool spell 
in summer to wean the lambs. Lambs weaned during excessively hot 
weather may receive a serious setback because of the heat and fretting 
for their mothers. The lambs should be so far separated from their 

dams that neither can hear the bleating of the other. For a few days 
the ewes should be held on short pasture or kept on dry feed in the 
yard. The udders must be examined, and if necessary, as is often the 

ease with the best mothers, they should be drained of milk a few times 
lest inflammation arise. The lambs should be put on the best pasture 

and given a liberal supply of grain. New clover seeding is especially 
relished, while young second-crop clover is also satisfactory. An es- 

pecially choice bite may always be provided for the lambs at this im- 
portant time by a little forethought on the part of the shepherd. 

897. After weaning.—Fresh, nutritious pasture should be provided for 
the lambs after weaning. Besides clover, rape is especially suitable. 

Other forage crops may also be employed in sections where they thrive. 
Lambs that are to be marketed early or those being fitted for shows will 
utilize a grain allowance with profit. For those to be fattened in winter 
or for the ewe lambs to be retained in the flock grain may not be necessary 
when grazing is good. Ram lambs require grain during the fall to secure 

proper development, whether they are to be sold as lambs or retained 
till yearlings. Naturally the concentrate allowance for the lambs des- 
tined for the breeding flock should supply a greater proportion of pro- 
tein than is necessary for those being finished for market. 

898. The stomach worm.—In the territory east of the Mississippi river 
the stomach worm, Strongylus contortus, 1s a serious menace to sheep 
raising, lambs being especially susceptible to attack. The eggs of the 
parasite pass in the droppings of the sheep and are scattered about the 
pastures, where they soon hatch. Sheep become infested only by swallow- 

ing the worms while grazing. Fields on which no sheep, cattle, or goats 
have grazed for a year, and those that have been freshly plowed and 

cultivated since sheep grazed thereon, are practically free from infest- 

“Information to the authors. *Sheep Farming in America, p. 149. 
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ation. Old bluegrass pastures are especially to be avoided. It is also 
dangerous to allow sheep to drink from stagnant pools. During warm 
weather, otherwise clean pastures may become infested in from 3 to 14 
days by grazing sheep thereon. 

To remove the worms from the intestinal tract of sheep, various 
drenches are recommended, the one most commonly used being 1 table- 

spoonful of gasoline, thoroly mixed with 5 to 6 ounces of fresh cow’s 
milk, with a tablespoonful of raw linseed oil added. The above dose, 

suitable for a lamb of average size, should be increased for older sheep. 
The treatment should be repeated each day for 3 days. With weak 

lambs the doses may be given on alternate days. 
Tho remedies are of value, prevention of infestation has proved more 

successful. Kleinheinz®® of the Wisconsin Station recommends the fol- 
lowing system of handling sheep and lambs: In the northern United 
States worm-free and infested sheep may graze together in a elean field 
at any time from the last of September until May with little danger. 
From June to September change to fresh, clean pasture every 2 or 3 

weeks. Annual pastures, as rape, clover seeding, ete., are well adapted to 

this system. This effective method requires several separate, clean pasture 

lots. In the warmer sections the sheep should be changed to clean pas- 

ture earlier in the spring and more frequently during the summer. Thor- 
oly treating the ewes with some vermifuge will remove most of the worms, 

and aid in preventing infestation. Farmers often make the serious mis- 
take of allowing the lambs to remain with their dams after weaning. 
Instead, they should at once be placed on fresh, clean pasture on which 
no sheep have previously grazed that season. Nothing is better than 

turning the lambs into a field of well-matured rape connecting with a 

fresh grass pasture. Well-fed, thrifty sheep and lambs can much better 
resist parasites than those getting poor feed and care. 

[I. Hints on Farrentna SHEEP 

899. Hints on sheep feeding.—Sheep feeders do not begin operations 

at an early hour in winter, preferring not to disturb the animals until 
after daybreak. Usually grain is first given, followed by hay and water. 

The trough in which grain is fed should be kept clean at all times, and 
there should be ample space, so that each animal may get its share of 

erain. As has been previously pointed out in this chapter, regularity 
and quiet are of especial importance with fattening sheep. Faville of 
the Wyoming Station*’ reports that during a certain 2-week period of 

a feeding trial 160 lambs fed by McLay, a most experienced shepherd, 
made a total gain of 475 lbs. During the next 2 weeks McLay was ab- 
sent. Tho his place was taken by a man who followed the ‘“‘letter of 
the law’’ the lambs lost 85 Ibs. in the 2 weeks, several going off feed. 
The regular shepherd then returned and in the next 2 weeks the lambs 
gained 508 Ibs. 

“Sheep Management, p. 111. 7Wyo. Bul. 89. 
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Nowhere does the skill of the feeder show more plainly than in getting 
sheep to full grain feed without getting a single one off feed. Western 

sheep may not be able at first to take over 0.1 lb. of grain per day. 
If so, 2 months or 10 weeks may be required in getting the flock to full 
feed. English mutton sheep take grain more readily, and in some cases 
no more than 3 or 4 weeks need intervene between placing the lambs on 
feed and full feeding. In no ease should this operation be hurried, for 
it means waste of feed and injury if not loss of some of the animals. 

In all cases before sheep are admitted to the fattening pens they should 

be examined by an experienced shepherd, and if any evidence of skin 

disease or vermin is found the flock should be dipped in the most thoro 

manner. In the West scab and in the Hast lice and ticks are common 
troubles. To attempt to fatten sheep afflicted with any of these pests 
is to court disaster. Ticky sheep show increased irritability and rest- 
lessness as soon as fattening begins. 

900. Length of feeding period.—The feeding period with sheep and 
lambs which have never received grain while on pasture should last 

from 12 to 14 weeks, according to their condition in the beginning and 
the rapidity with which they gain. The tables in the preceding chapter 

show that lambs increase in weight at least a quarter of a pound per 

day when gaining normally. For a feeding period of 100 days the 

gains should run from 25 to 30 lbs. per head. This weight, mostly 
fat, added to the carcass of a lamb weighing originally 60 to 90 lbs., 
brings it to the size desired by the market. Formerly the market called 
for a large lamb, but now the demand is for plump ones weighing from 
80 to 90 lIbs., or even less if they are from the western ranges. As soon 

as lambs are ripe, or when the backs and the region about the tail seem 

well covered with fat, they should be sold, for further gains cannot 

be made at a profit. Ripe lambs fed a heavy grain ration at the North 
Dakota Station*S gained only 0.8 lb. each in 4 weeks, returning a heavy 
loss instead of profit. 

901. Rations for fattening lambs; cost of gains.—F'rom the many trials 

reviewed in the preceding chapter the feeder can readily determine the 
best combination of feeds to employ under his local conditions. The 
tables showing the amount of feed required for 100 lbs. gain will en- 
able him to compute the approximate cost of gains with feeds at market 
prices. It should be remembered that the results presented were se- 
eured with thrifty lambs, fed by skilled feeders and under good con- 
ditions. The feed required for a given gain will therefore often exceed 
the amount stated. Comparing the cost of gains, it will be found that 

lambs give better returns for the feed supphed than do steers. The 
gains of mature sheep will cost from 25 to 30 per ct. more than those 
of lambs. 

902. Proportion of concentrates—Thruout the corn belt and the east- 
ern states lambs are commonly fed all the grain they will clean up after 
being brought to full feed. On the other hand, in the West, where hay 

2N. D. Bul. 28. 
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is cheap compared with grain, the allowance of grain is often restricted. 
At the Illinois Station*® Coffey conducted the following trials lasting 90 
and 98 days, respectively, with lots each of 20 western lambs, to determine 

the effect of feeding various proportions of shelled corn and alfalfa hay: 

Feeding various proportions of shelled corn and alfalfa hay to lambs 
Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Corn ay 
Lbs. Lbs. Lbs. Lbs. 

First trial 
Lot I, Corn, 1.2 lbs. Alfalfa hay, 1.2 lbs. 69 0.30 412 408 
Lot II, Corn, 1.0\lb. Alfalfa hay, 1.4 lbs. 69 OR27 389 527 
Lot III, Corn, 0.7 lb. Alfalfa hay, 1.7 Ibs. 69 0.22 327 791 
Lot IV, Corn, 0.5 lb. Alfalfa hay, 1.9 lbs. 69 0.20 266 918 

Second trial 
Lot I, Corn,1.4 lbs. Alfalfa hay, 1.2 Ibs. 65 0.33 411 305 
Lot II, Corn, 1.1 lbs. Alfalfa hay, 1.5 lbs. 65 0.32 356 466 
Lot III, Corn, 0.9 lb. Alfalfa hay, 1.8 lbs. 65 0.29 299 606 

In each trial the rate of gain increased with the amount of corn fed, 
tho the difference was not great between Lots I and II in each trial. 
Coffey concludes that except with very high-priced corn and cheap hay, 

the cost of gains is usually less and the profit greater when the lambs 
are full fed on corn. 

At the New Mexico Station®® Simpson found that when lambs were 
fed allowances of corn ranging from 0.25 lb. to 0.90 lb. per head daily 
with alfalfa hay, the lambs fed the heavier allowances of grain made 
more rapid gains and reached a better finish. On a market which paid 
a premium for well-fattened lambs the heavier corn allowances would 

have been the more profitable. Simpson states that the time required 
to finish the average lambs is about as follows: With a heavy corn 

allowance, 70 to 80 days; with a medium corn allowance, 90 to 100 
days; with a light corn allowance, 100 to 110 days; with alfalfa alone, 

110 to 120 days. On alfalfa alone lambs ean hardly be brought to the 

same finish as on grain, hence many western feeders use hay alone dur- 
ing the first of the fattening period and then add grain to finish the 
lambs and harden the flesh. 

903. Fattening lambs in the fall.—Finishing lambs for market in the 
fall is the common practice with farmers who raise their own lambs and 
many who rely on buying feeder lambs from the western ranges. Until 

cold weather sets in the lambs may be grazed on rape or other pasture, 
being fed grain in addition. Thrifty lambs placed on feed in the fall 

should be ready for sale in December or early in January, a season when 

there is usually a scarcity of good lambs on the market, since the grass- 
fed lambs have been marketed and those in winter feed lots are not yet 

finished. 
In some sections train loads of lambs are annually distributed in Au- 

gust among the farmers of a neighborhood and by them given the run 
of the stubble fields from which the small grain has been harvested. 

“111, Bul. 167. ®N. Mex. Bul. 79. 
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Often rape has been sown on the fields to increase the herbage, the seed- 
ing not taking place until the small grain is well above ground, lest the 
rape grow so large as to injure the grain crop. The stubble fields well 
cleaned, the lambs are shifted to the fields of standing corn, where they 
feed on the lower leaves of the corn and on rape or turnips sown at the 
last cultivation of the corn, finally eating more or less of the corn on 
the ears. 

904. Fattening lambs in the western states.—Thruout the western states, 
especially in Colorado, large numbers of lambs and older sheep are fat- 
tened annually. Alfalfa hay is the chief roughage, with wet sugar beet 

pulp in the vicinity of beet sugar factories. In Colorado corn is the chief 
grain fed, while farther north and west larger use is made of the small 
grains, especially barley. The whole western range is drawn on for 
feeders, and the small fine-wool type of earlier times has been largely 
replaced by the eross-bred lamb of better mutton quality. Formerly 

many mature wethers were fed; but now mostly lambs are fattened. 

In large feeding plants the corral, or enclosure, is commonly divided 
into 2 rows of lots with a lane between, each lot accommodating from 
400 to 500 lambs. No shelter is provided, but windbreaks are desirable. 
The hay is usually fed in the lanes, 12 to 14 feet wide, extending be- 
tween the lots. The low fences bordering the lanes have a 7 or 8 inch 
space between the first and second boards, thru which the lambs feed on 
the hay. About 1 running foot of lane fencing and feed troughs is al- 

lowed each sheep. The hay from the stacks is hauled down the lanes and 
piled along the fences, being pushed up to them 2 or 3 times a day as it 
is eaten away. 

All lots are provided with flat-bottomed troughs for feeding grain. 
There is an extra or vacant lot at one end of each row of lots, likewise 

provided with troughs. At feeding time grain is placed in the troughs 
of this extra lot and the lambs from the adjoining lot are turned in. As 
soon as a lot is vacated, grain is put in the troughs of this lot, and the 
lambs enter from the next lot, and so on. At the next meal feeding 
begins by using the vacant lot at the other end of the row, reversing 
the process. After a week or more of preliminary hay feeding, corn 
feeding is begun. At first only a very little corn is sprinkled in the 
troughs, but as the lambs get used to it the amount is gradually increased 
until after about 2 months the lambs are on full feed, which is from 2 

to 3 bushels of corn per 100 head daily. The feeding yards are usually 
located on streams or ditches which supply running water. Those on 

high ground have watering troughs into which the water is pumped. 
Salt is hberally furnished in troughs. 

Most of the Colorado lambs are marketed unshorn. If feeding con- 
tinues until late in the spring the:lambs are usually shorn 6 weeks be- 
fore shipping. They will then gain enough more to make up the weight 
of the wool removed, will pack more closely in the ear, and shrink less 
in shipping. Gains of from 15 to 30 lbs. per head are secured by this 
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method of fattening. With favorable markets and low-priced feed enor- 
mous profits are made, but sometimes heavy losses occur. Under this 

system often little or no use is made of the manure produced. As has 
been mentioned in the preceding chapter (860), large numbers of lambs 
are fattened on field peas in certain districts of the West, especially the 
San Luis Valley in Colorado. 

905. Feeding small bands.—Fattening great numbers of lambs at a 
single point reached its zenith years ago when corn and wheat screen- 
ings ruled low in price, and the large operator suffered little compe- 
tition from the ranchman and farmer in finishing range lambs for the 
market. Now conditions have changed. The price of feed has increased, 

and the fattening of range lambs in smaller bands has rapidly developed 
in the western states, in the corn belt, and farther eastward. Most for- 

tunately for a conservative agriculture, the large operator, who often 

receives no benefit from the great accumulation of rich manure in the 

feed lot, cannot compete with the farmer who fattens one or more ear- 

loads of lambs and uses the manure for enriching his land. Prudent 
farmers rightly hold that enough fertility is returned to their land thru 
the feed lot to pay the entire labor cost of feeding. As sheep and lamb 
fattening on range and farm increases, the gradual decline of the old 
feed lot is assured. 

906. Fattening lambs in the corn belt—Tho many extensive feeders 
in the corn belt each annually fatten thousands of lambs, for the rea- 

sons mentioned in the preceding paragraph the tendency is toward feed- 

ing small bands. In the corn belt, shelter is required to protect the 
lambs from the winter storms. While too much exercise decreases the 
gain, the lambs are commonly allowed the freedom of small yards. In 

the western states the allowance of grain is often limited, so that the 
lambs will consume more hay, but in the corn belt they are commonly 

brought to full feed as soon as can be done with safety. 

907. Fattening in the East.—In the eastern states an intensive sys- 
tem of feeding has been developed, in which the lambs are kept in pens 
in a barn or shed, never being turned out for exercise. The grain troughs 

are protected by vertical slats in such a manner that there is just room 

for a lamb to feed in each opening, and a single space is provided for 

each lamb. The lambs are brought to full feed as rapidly as possible 
and are given as much grain as they will clean up until ready for mar- 

ket. With this heavy feeding and the small amount of exercise care must 

be taken to keep the lambs quiet and a feeding space must be closed up 
whenever a lamb is removed from the pen, for excitement or overeating 
will cause heavy losses from apoplexy. 

III. Hor Housrt anp Sprine Lamss; Goats 

During recent years an increasing demand has developed for winter, 

or ‘‘hot house’’ lambs. The term ‘‘hot house’’ lambs does not mean that 
they are reared in artificially heated quarters, but has been applied be- 
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cause the lambs are produced at an unusual season and are hence com- 
parable to the out-of-season products of hot houses. The greatest obstacles 
to success in this specialty are getting the ewes to breed sufficiently early, 

and producing carcasses which meet the exactions of the epicure. The 
demand for winter lambs prevails from the last of December to Easter, 
the price usually being the best between New Year’s and the first of 
April. The condition of the carcasses of such lambs is more important 
than their size. They must be fat and present a well-developed leg of 
mutton with plenty of tender, juicy lean meat and a thick caul to spread 
over the exposed flesh of the carcass when on exhibition. Winter lambs 
should weigh alive from 45 to 60 lbs. Large but lean and bony ones 
present a staggy appearance and bring unsatisfactory prices. Harly in 
the season small lambs top the market, but later the heavier ones are 
in demand. 

908. Breeding for winter lambs.—The ewes best suited for winter lamb 
production are pure-breds or grades of the Dorset, Tunis, and Merino 

or Rambouillet breeds, for the other breeds can not usually be depended 
on to breed sufficiently early.*t However, Hampshires, Shropshires, and 
Southdowns are occasionally used with success. 

At the Minnesota Station,*? in trials covering 6 years, Shaw found 
that the breeding habit of common grade ewes which usually drop their 
lambs in the spring may be so changed by 2 or 3 generations of 

judicious crossing and the selection of the early yeaned lambs for breed- 
ers that they will drop lambs in fall and early winter. This change can 
be hastened and more permanently fixed by mating the ewes with pure- 
bred Dorset rams. Where the ewes have the early breeding habit well 
fixed, superior lambs may be obtained by using dark-faced rams, such 
as Shropshire and Southdown. Shaw further found that ewes which 
have suckled winter lambs breed more readily before being turned to 
grass than subsequently, especially when fed a stimulating grain ration 
while still in the shed. At the New York (Cornell) Station®* Dorset 
ewes bred earlier, stood forced feeding better, and were less affected by 

unfavorable weather than Shropshire ewes, and their lambs made more 
rapid gains. Miller and Wing* advise using a young ram, well fed dur- 
ing service but not too fat, turning him with the ewes not earlier than 
the middle of March nor later than the middle of May. The ewes should 
be in good condition and so fed as to be gaining in flesh. Even with 
favorable conditions, all the ewes will not breed at the desired time, and 
to secure 400 winter lambs about 500 ewes are necessary. Ewes which 
fail to breed are sold early, and those breeding late drop lambs useful 
for later sales. Ewes which are successful breeders are kept as long as 
possible, since those lambing in November are likely to breed at the right 
time the following year. 

909. Care of the ewe.—During the summer the ewes need abundant 

Wing, Savage, and Tailby. N. Y. (Cornell) Bul. 309. 

“Minn. Bul. 78. *®N. Y. (Cornell) Bul. 88. *The Winter Lamb, p. 6. 
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pasture, water, and shade. Should the grass become secant, they should 
receive additional feed—rape, pumpkins, ete. If in good condition it 
is rarely necessary to feed grain before lambing, and then only in small 

amount. The ewes should be shorn in the fall or as early in winter as 
possible so as to keep them cool. At weaning time the ewes should be 
removed to the lambing pen and fed lightly for a few days. The lamb- 
ing pen should be warm so that the new-born lambs may not be chilled. 
Alfalfa and clover hay with silage or roots serve best for roughage, 
while oats, bran, oil cake, and corn prove suitable concentrates. The 
object at all times is to produce the largest possible flow of milk to 
hasten the lamb’s growth. In trials at the Ohio Station®> Hammond 
found a mixture of 4 parts corn and 1 part linseed meal and an- 
other of 5 parts corn, 2 parts oats, 2 parts bran, and 1 part linseed meal 

of about equal value when fed with alfalfa hay and corn silage to ewes 
raising winter lambs. Corn as the sole concentrate resulted in as good 
gains by the lambs, but the ewes lost in weight while others fed corn, 

oats, bran, and linseed meal gained. 
910. The lambs.—A creep should be provided and the lambs taught to. 

eat from a trough.as soon as possible. To this end, a little sugar may 
sometimes be sprinkled on the grain to render it specially palatable. The 
lambs begin to eat freely when 2 or 3 weeks old, and are forced on bran, 

eracked corn, linseed meal, ground oats, barley, gluten feed, ete. They 
should be induced not only to eat, but to eat a large quantity, and to 
keep eating. Alfalfa, clover, or soybean hay is indispensable, while roots 
and silage are helpful. The feed troughs should be cleaned each morn- 
ing, and the grain and hay supply be changed 2 or 3 times a day. When 

necessary, lambs are fed new milk from a nursing bottle or from a tea- 
pot having a punctured rubber cot placed on the spout. Ewes bereft 
of their lambs thru sale are given one of a pair of twin lambs. Thus 
forced, the best lambs weigh from 50 to 60 lbs. alive at 10 to 12 weeks. 
For the eastern markets the lambs are ‘‘hog dressed,’’ 1. e., the feet and 
all the viscera, except the heart, liver, and kidneys, are removed, but 

the pelt and frequently the head left on. The caul fat is carefully spread 
over the exposed parts, and the careass sewed up in muslin after thoroly 

cooling. To be profitable, winter lambs must sell for not less than $5 
per head, and the best ones sometimes bring as much as $12. This spe- 
cialty can be conducted with profit only by experts who have gained 
their experience thru patient and discreet effort, and who have nearby 
markets that will pay the high prices such products must command. 

911. Spring lambs.—A less intensive system than the preceding is the 
production of spring lambs. These should be dropped from January to 

March and are usually marketed in May and June, weighing 65 to 90 

Ibs., at a time of the year when there is a good demand for lambs. Rais- 
ing spring lambs is especially profitable in Tennessee, Kentucky, Vir- 
ginia, and states to the southward, for here the ewes may be largely 

*Ohio Bul. 270. 
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maintained on pasture thruout the year, greatly lowering the feed bill. 
Quereau®* writes that in the Cumberland plateau ewes are pastured in 
summer and allowed to run on the fields after the crops are removed. 
Winter crops, such as oats, barley, wheat, vetch, and crimson clover, 
are planted for winter and spring pasture. The sheep receive little if 
any grain, but during periods of bad weather are run under a shed and 

fed hay or other roughage. 
912. Goats—The raising of Angora goats for their mohair has he- 

come an industry of considerable importance in certain districts of the 
United States, especially Texas, New Mexico, Arizona, Oregon, and 
California. According to the census of 1910 there were over a million 
goats in Texas and about half a million in New Mexico. In the west- 
ern states the goats graze upon rough land, utilizing browse which even 
sheep would refuse. In the cut-over districts of the North, Angora goats 
are useful in clearing land of brush at a low expense. 

In Europe the milch goat is of importance as a milk producing ani- 
mal, there being over 3,000,000 milch goats in Germany alone.**7 By 

their habits of life they are peculiarly adapted to the needs of the peas- 
ants, or poorer classes, of these countries, and have hence been ap- 
propriately termed ‘‘the poor man’s cow.’’ While the quality of the 
milk may be injured if the goat is maintained largely on weeds, kitchen 
waste, and other refuse, yet they can utilize much feed which would 
otherwise be wasted about the household. As with cows, the milk yield 
of goats varies widely. A good milch goat should continue to produce 
for 8 to 10 months, and yield 2 quarts of milk or more daily. The milch 
goat produces somewhat more milk, based upon body weight, than the 
cow, often yielding 10 times her body weight annually, and also requires 
less feed to produce 100 lbs. of milk, tho the milk is higher in fat than 
average cow’s milk. The milch goat has not yet attained any importance 
in this country, but it should have a place in supplying fresh, pure milk 
for households in our cities. The general principles of feeding and care 
which have been presented for sheep also apply to goats. 

*Tenn. Bul. 84. 

=Thompson, Angora Goat Raising and Milch Goats, p. 177. 



CHAPTER XXXIIT 

GENERAL PROBLEMS IN SWINE HUSBANDRY 

Beeause of the economy with which the pig converts its food into edible 
flesh, this animal steadily inereases in importanee as our population be- 

comes more dense. (132-8) Practically every farmer should raise and 
fatten pigs, for family consumption if not for the market, in order to 
profitably conserve valuable nutritive material that would otherwise be 

wasted. We should dismiss the idea that profitable hog raising belongs 
to the corn belt only. Denmark raises no corn, yet produces more pork 

of the highest quality than any other equal area in the world. The south- 

ern states still buy vast quantities of pork from the North despite the 

facet that their experiment stations have demonstrated that it can be pro- 
duced at lower cost:in the South. Pigs produee a pound of gain from 
4 to 5 Ibs. of dry matter while fattening cattle require from 10 to 12 

Ibs. The pig yields from 75 to 80 per et. of his live weight as dressed 

eareass; the steer only 55 to 65 per et. (717, 726) Pigs will profitably 
utilize many by-products of the farm otherwise lost, such as dairy by- 

products and kitchen and garden waste, as well as grains that cannot 

otherwise be profitably disposed of. No other line of stock farming can 
so quickly be brought to profitable production with limited eapital in- 

vested in stock and equipment as can the making of meat from the pig. 
In many eases the grower should not only fatten his pigs but also slaugh- 

ter them and market the cured products, obtaining inereased profits even 

tho the undertaking be a small one. 
In this book we have generally used the word ‘‘pig’’ rather than “‘hog,’’ 

thereby following the usage of English farmers, for we regard the pig 

as the young, and the hog as the really mature animal among swine. 
In modern pork production swine are usually mere pigs in age when 

they are finished for the market and therefore such usage of the word is 

reasonable. 
913. Rate and economy of gains by pigs.—The economy with which 

pigs of different weights convert feed into meat is shown in the follow- 
ing table summarizing the data from over 500 feeding trials with more 

than 2,200 pigs at many American experiment stations. In this table 

6 Ibs. of skim milk or 12 lbs. of whey are rated as equal to 1 Ib. of con- 

centrates. 

The table shows that pigs weighing under 50 Ibs. consumed on the 
average 2.2 Ibs. of feed daily, while 300-lb. pigs consumed 7.5 Ibs. daily. 

Based on weight, the 50-lb. pigs consumed 6.0 lbs. of feed per 100 Ibs. 
of body weight, while 300-lb. pigs consumed only 2.4 Ibs. per 100 Ibs. In 
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other words, young pigs consume far more feed for their weight than 
do large ones. The average gain per day started at 0.8 Ib. for pigs 
under 50 lbs. each, and gradually increased until those weighing 250 
lbs. showed a daily gain of 1.5 lbs. The last column shows that pigs 
weighing less than 50 lbs. each gained 100 lbs. for every 293 lbs. of 
feed or feed equivalent consumed, and that the quantity of feed required 
for 100 lbs. gain steadily increased as the pigs became larger, until at 
300 Ibs. weight it required 535 lbs. of feed to make 100 lbs. of gain. The 
great economy of young, growing pigs over older and more mature ones 
for making gain from a given quantity of feed is plainly brought out by 
the table. (114) When we compare the amounts of feed required for 

100 lbs. gain by pigs of the different weights with the amounts required 
by beef cattle and sheep, the superiority of the pig as a meat producer 
is most striking. 

Relation of weight of pigs to feed consumed and rate of gain 

Wt. of pigs aN ee eg oe erad Fate ae Ee 100 los coin 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

15 to 50 38 174 2.2 6.0 0.8 293 
50 to 100 78 417 3.4 4.3 0.8 400 

100 to 150 128 495 4.8 3.8 ital 43 
150 to 200 174 489 5.9 5.0 1.2 482 
200 to 250 226 300 6.6 2.9 ie 49% 
250 to 300 2th 223 7.4 Ph if Lid 511 
300 to 350 320 105 (hh) 2.4 1.4 535 

In trials by the senior author at the Wisconsin Station,! 5 sows and 
litters were fed 70 days on corn meal, wheat middlings, and sour skim 

milk. The unweaned pigs were also given all of the same food they 

would consume at a separate trough. At 10 weeks the pigs were weaned, 
and the feeding continued for 7 weeks with the sows and weaned pigs 
separately. While suckling their pigs, 1 sow lost and 2 gained in weight. 
The table shows the feed required for 100 lbs. of net gain with sows and 
pigs before and after weaning: 

Peed for 100 lbs. gain by sows and pigs before and after weaning 
Meal 

Meal Milk equivalent 
‘ Lbs, Lbs. Lbs. 

By sows and*pigs 10 weeks before weaning............ 237 475 316 
By pigs only, 7 weeks after weaning.................. 288 576 384 
By sows only, 7 weeks after weaning................. 710 1,420 947 

It is shown that 237 lbs. of grain, together with 475 lbs. of separator 
skim milk, produced 100 lbs. of combined net gain with sows and their 
unweaned pigs. Reckoning 6 lbs. of skim milk equal to 1 of the mixed 
meal, it is shown that 316 lbs. of meal equivalent produced 100 lbs. net 
gain with sows and their unweaned pigs. For the 7 weeks following 
weaning the pigs required 384 lbs. of meal equivalent, or 22 per ct. more 

*Wis. Rpt. 1897. 
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feed, for 100 lbs. of gain than before weaning. It thus appears that 
young, unweaned pigs are fed more economically thru the sow than after 
weaning. The table shows that, after their pigs were weaned, the sows 
required the surprisingly large amount of 947 lbs. of meal equivalent to 
make good each 100 lbs. of flesh lost while suckling their pigs. The 
prudent stockman always feeds both sows and pigs liberally before wean- 
ing, realizing that the sows should not be allowed to grow thin thru 
secant feeding. 

914. Gain of young pigs.—To show the rate of gain by young pigs 
before and after weaning, the following table is taken from a study by 
the senior author at the Wisconsin Station, the data covering 70 days 
before and 49 days after weaning: 

Weight of a litter of pigs at birth and gains before and aftcr weaning 

Before weaning 

Days Wt. Weight cf pigs 

Date from of 
birth sow No.1 | No.2 | No.3 | Ne. 4 | No. 5 | No.6 | No.7 | No.8 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

May 22 rei cuae. BBO! Nee Ie ac am alcceagad al |e le Wetulie als ated ie cates eel apeuietenel one sesmeae 
May 25... CO Fiat eae Ue 3.6 3.2 Sue 3.2 3.4 3.2 2.8 1G 
May 31.. 7 290 (el Hell 5.9 6.4 6.3 5.8 4.8 3) 0) 
DUNC ieee 14 285 | 10.7 Vents 9.9 9.4 9.5 9.2 (hs) Sal 
June 14 21 OT i LOXO WS se bulele oe l2eoe ale om aORS “6 
June 21 28 278 | 19.4} 14.5) 17.4) 17.8.) 15.6 | 16.0.) 14.1 | 10.4 
June 28 oD 280 | 24.2 |. 16.4 | 22.2 | 23.1 | 20.6 | 20.9 | 18.2 | 14.4 
JUL s Ose 42 293 | 28.0 | 18.7 | 2525] 26-5) 238-51) 24225) 22) OniatGes 
July 12 49 280 | 32.5 | 19.0 | 30.0 | 32.5 | 29.0 | 29.5 | 26.0 | 21.0 
July 19 56 O73" 40539) 22.50 |-3 720 4325: 68:0 | 002 Ot ooRoM le Zone 
JUlye26ee ee) sOo 268 | 47.0 | 24.5 | 44.0] 51.0 | 45.5 | 45.0 | 42.5 | 31.0 
August 2...] 70 261 | 50.5 | 25.0 | 50.0 } 60.5 | 50.0 | 51.0 | 47.0 | 37.5 

Gaines alee —29 | 46.9 | 21.8 | 46.7 | 57.3 | 46.6 | 47.8 | 44.2 | 35.6 

After weaning 

August 2... OP Als ase 50'.5 1125.0] '5005/' 60.5:) SOLON 50) M4725 1 8725 
August 9... hae lene atria. 53.0 | 25.0] 57.5] 68.0] 57.5 | 55.0 | 54.5 | 44.0 
August 16..| 14 |...... 57.0 | 27.5 | 63.5] 75.0] 61.0 | 59.0 | 61.0 | 50.0 
August 23...) (21 ¢).....: 62.5, | 33.5 | 72-5| 8625/6720 11690 |-7220: | 5620 
September 6| 35 |...... 69.0 | 43.0 | 84.0/101.0} 80.0 | 76.0 | 79.0 | 64.0 
Septemberl3} 42 |...... 77.5 148.0 | 94.0/105.0} 86.0 | 88.0 | 88.0 | 74.0 
September20| 49 |...... 85.5 | 56.0 |104.0/114.0} 92.0 | 98.0 | 93.0 | 82.0 

Gains gel ae athe ae 35.0 1 31.0 | 54.0! 53.5} 42.0 | 42.0 45.5 | 44.5 

It will be seen that the sow lost 29 lbs. in weight while suckling her 
pigs, which gained from 21.8 to 57.3 Ibs. each in 10 weeks between far- 

rowing and weaning. For the 7 weeks succeeding weaning the individual 

gains ranged from 31 to 54 lbs. It is possible for a suckling pig to weigh 
70 lbs. when 70 days old, and sometimes, tho rarely, it may exceed that 

high figure. 

1a Wis. Rpt. 1890. 
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915. Maintenance requirement of the pig.—At the Wisconsin Station? 
Dietrich gradually reduced the feed of four 50-lb. pigs getting corn meal, 
wheat middlings, and skim milk during 2 weeks until they were neither 

gaining nor losing in weight. They were held on this allowance for 7 
days to confirm the figures and then gradually brought back to full feed 
again. When the pigs averaged 100 lbs. the process was repeated, with 
the results shown in the table: 

Daily maintenance requirement of pigs at different weights 

Average ration Digestible nutrients per 
Concen- Skim 100 lbs. live weight 
trates milk Crude protein Total 

Lbs. Lbs. Lbs. Lbs. 

When pig weighed 50-Ibs......:...... 0.3 1.2 0.12 0.60 
When pig weighed 100 Ibs............. 0.8 1.6 0.12 0.70 
When pig weighed 150 lbs............. 1.6 1.6 0.13 0.84 
When pig weighed 200 Ibs............. 2.0 teat 0.10 0.72 

The table shows that a 50-lb. pig maintained its weight on a ration 
of but 0.3 lb. of concentrates (corn and middlings) and 1.2 lbs. skim milk, 
which furnished 0.12 lb. digestible crude protein and 0.60 lb. total digest- 
ible nutrients per 100 Ibs. live weight. The amount of feed eaten daily 

per pig increased as the pigs grew heavier, but there was no marked 
change in the requirements per 100 lbs. live weight. In these and also 
in later experiments at the Illinois Station? Dietrich found that if the 
ration was reduced after the animal was apparently receiving only 
enough feed to maintain its weight it would lose in weight for a period 
and then often be able to maintain itself on the reduced ration or even 
gain in weight, due to a better utilization of the feed. It has already 
been pointed out that steers fed scanty rations are likewise able to utilize 
their feed more efficiently than when liberally fed. (82) 

Dietrich found that pigs, previously fed scanty rations, may be main- 
tained on 0.10 Ib. digestible crude protein and 0.42 to 0.57 lb. total digest- 
ible nutrients. This is 4.2 to 5.7 lbs. total digestible nutrients per 1,000 
Ibs. live weight, somewhat less than the amount required by the dairy 
cow or the steer, as is shown in Appendix Table V. This is probably 
due to the fact, previously pointed out (91), that maintenance require- 
ments depend upon body surface, and since the pig is built more com- 
-pactly than the steer or cow, he has less body surface per 100 lbs. live 
weight. 

916. Utilization of feed by the pig.—In the trial reported in the pre- 
ceding article, after each maintenance period the pigs were gradually 
returned to full feed, which was continued until the next maintenance 
period. The following table shows the gains made during these inter- 
mediate periods, together with the percentage of the feed which was 
required for maintenance and used for making gain. 

*Wis. Rpt. 1899. *Tll. Bul. 163. 
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Use made by the pig of the feed consumed 

Av. daily _ Percentage of food used 
gain For maintenance For gain 

Lbs. Per ct. Per ct. 

When pig weighed 50 \bs................... 0.93 18 82 
Wien pig weighed 100Mbsit= 5.22 se Ge sea ee 1.66 25 75 
When pig weighed 150 lbs................... 1.85 27 73 
When pig weighed 200 Ibs..........:........ 1.22 36 64 

The table shows that the 50-lb. pig, when gaining nearly 1 lb. a day, 

used only 18 per et. of its feed for the support of the body, leaving 82 

per ct. of all it consumed for gain in body weight. As the pig increases 
in weight, as has already been pointed out, it consumes less feed per 
100 lbs. live weight, and hence after the maintenance requirements are 
met has a smaller percentage of its feed left for gain. (913) 

917. Maintenance of the sow.—At the Wisconsin Station? Davies re- 
corded the feed eaten by a 394-lb. Berkshire sow and her 7 suckling 
pigs for 10 weeks between farrowing and weaning, obtaining the fol- 
lowing results: 

Feed required to maintain the brood sow 

Feed (4% corn, 4% wheat middlings) consumed by sow........ 660 1,381 
Calculated amount needed to maintain sow alone........... 242 484 

Feed eaten by sow that went to nourish her pigs............ 418 897 
Additions leteed? onvenatOnploSaer sive racine rte re 100 ole 

MBOtal 2's £1! veces oh reo oe ees ene 518 1,210 
Feed given sow and pigs for 100 lbs. gain by pigs........... 146 339 
Feed required to maintain sow 1 day................-.-.-.. SHEL) 6.9 

Davies estimates that concentrates equivalent to 1 per ct. of the weight 
of the sow supported her for 1 day, and that about one-third of what 

she ate went for the support of her own body, while two-thirds was used 
in elaborating milk for her young. It required but 146 lbs. of grain and 
336 Ibs. of skim milk fed to sow and pigs for 100 lbs. of gain by the 
pigs—an exceedingly small allowance. 

Faville of the Wyoming Station® found that brood sows cent 314 
lbs. at the beginning of the trial and 376 lbs. at the close made average 
daily gains of 0.4 lb. on a daily allowance of 4.6 lbs. of concentrates 
(2 parts corn and 1 part mill feed). This ration supplied only 57 per 

et. of the nutrients called for by the Wolff-Lehmann standard. 
918. Nutrient requirements of swine.—Since pigs are now commonly 

fattened for market before maturity, they are growing rapidly as well 
as storing fat in their bodies. Consequently their ration should supply 
ample protein and mineral matter for normal growth. The requirements 

*Wis. Rpt. 1904. "Wyo. Bul. 96. 



GENERAL PROBLEMS IN SWINE HUSBANDRY 573 

of pigs of various ages, as shown in studies by the junior author of the 
numerous trials at American experiment stations, are set forth in the 
Modified Wolff-Lehmann standards. (Appendix Table V) 

The other farm animals eat large quantities of hay, which is relatively 
high in mineral matter, including calcium (lime), compared with the 

cereal grains. Except when on pasture, pigs, on the other hand, are fed 
chiefly on the cereal grains, not being fitted to utilize much dry rough- 
age. Since all the cereals, especially corn, of which pigs are unusually 

fond, are low in calcium, there is much greater danger than with other 
animals that they will not obtain sufficient caleium for normal growth 
of skeleton and body tissues. When rations are fed which do not con- 
tain ample calcium it should be supplied in the form of ground lime- 
stone, bone ash, or ground rock phosphate. When the ration furnishes 
sufficient protein to meet the standards, it will also supply sufficient phos- 
phorus for rapid growth, since the common feeds which are rich in pro- 
tein are likewise high in phosphorus. (119) 

919. Effect of adding calcium to the ration.—The trials reviewed in a 
preceding chapter (135-7) show clearly that when pigs are fed corn alone 
they develop weak skeletons and fail to make normal growth. This is 
both because corn is low in protein and because it is low in mineral 
matter, especially calcium. To determine the effect upon the strength 
of the skeleton of adding various supplements to corn, during each of 
2 years Burnett fed 4 lots, each of four 79-lb. pigs, the rations shown in 

the table for 137 days at the Nebraska Station.® The breaking strength 
of the right and left femur, tibia, humerus, radius, and ulna of the legs 
of each pig was determined at the close of the trial. During the first 
5 weeks of the first trial and the first 12 weeks of the*second all lots 
were on alfalfa pasture. 

Ground bone and tankage as supplements to corn 
Concen- Avy. breaking 

Daily trates for strength of 
Average ration gain 100 Ibs. gain bones 

Lbs. 8 bs. 

otal pee © OTN 1D OMDB. chan hs eehdia oettigna biba tee toe ace 3 1.0 511 303 
Eonite «Ground bone}/0%5'lb.™ ‘Corn; 4.5ilbs:.). 02055... 1.0 507 575 
Lot III, Shorts, 1.3 lbs. Clon, B70 MOS. cls acoc0ce 1.0 491 354 
Lot IV, Tankage, 0.5 lb. Comp 4:5 lbsee ac. es Al 456 497 

Due to the alfalfa pasture during the first part of the trial, the lot 
on corn alone made satisfactory gains. However, Lot II, receiving 

eround bone in addition to corn, had much stronger bones. The skele- 

ton was also greatly strengthened by the addition of tankage, which con- 
tains considerable calcium, and to a small degree by the addition of 

shorts. As shown later (1013), it is important that the calcium supply 
in the ration of the brood sow be ample. 

920. Grinding grain—At the Wisconsin Station’ during each of 10 
consecutive winters the senior author, at first alone and later with Otis, 

*Nebr. Bul. 107. ™Wis. Rpt. 1906. 
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fed ground corn, in comparison with shelled corn, to fattening pigs 
averaging 175 lbs. in weight at the beginning of the trials, during per- 
iods ranging from 63 to 98 days each. Iowa No. 3, year-old shelled 
corn was used, part of which was ground in a buhrstone mill to the 
usual fineness, while part was fed unground, as shelled corn. Since 
pigs do not thrive on corn alone, in all cases the ration was made up of 
one-third wheat middlings and two-thirds ground or shelled corn. The 
mixed ground corn and middlings were fed wet with a small quantity 
of water, while the shelled corn was fed dry and alone, the middlings 
having first been fed as a slop. Salt and wood ashes were supplied at 
all times to both lots. The results of the 18 trials are summarized in the 
following table: 

Summary of 10 winters’ feeding ground corn and shelled corn 

Total feed given Feed for 
Whole Corn Wheat Total 100 lbs. 

Feed given corn meal middiings gain gain 

; Lbs. Lbs. Lbs. Lbs. Lbs. 
140 pigs fed shelled corn and 

wheat middlings........... HOBO. ce eaicre 22,590 13,828 501 
140 pigs fed ground corn and 

wheat middlings.j...c0ecc. 0. aes es - 50,647 24,189 15,891 471 

In 11 out of 18 trials the saving from grinding corn ranged from 
2.5 to 18.5 per ect., and in 7 cases there was a loss by grinding, ranging 
from 1.1 to 11.1 per ct. On the average it required 501 lbs. of whole 
corn and wheat middlings for 100 lbs. of gain, and only 471 lbs. of 
ground corn and middlings, a saving of 6 per ct. This means that with 

corn worth 50 ets. per bushel there was a saving of 3 cts. on each bushel 
by grinding, allowing nothing for labor or expense. It was observed that 
the pigs getting ground corn ate more feed in a given time and gained 
more rapidly than did those getting shelled corn, which fact no doubt 
explains the general impression among farmers that pigs do better on 
ground corn than on shelled. 
Rommel," summarizing 9 trials at 5 stations where whole or ground 

erains—peas, wheat, rye, oats, and barley—were fed, either dry or 
soaked, to fattening pigs, found it required approximately 473 lbs. of 
whole grain or 415 lbs. of ground grain to produce 100 lbs. of gain—a 
saving of 12 per et. by grinding. We may then conclude that it will 
usually pay to grind the small grains for pigs. 

921. Effect of preparing corn for pigs.—To study the benefits of pre- 
paring corn for pigs of various ages, King conducted trials at the Indiana 
Station® with a total of 140 pigs. Similar lots of pigs were fed either 
ear corn, shelled corn, or ground corn, the corn being supplemented with 
tankage and wheat shorts. Some lots were placed on experiment when 
the pigs weighed about 50 Ibs., others at 85 lbs., and still others at 100 
lbs., at 150 to 160 lbs., and at 210 to 220 lbs., respectively. The ear 

7aU. S. Dept. Agr., Bur. Anim. Indus., Bul. 47. 

*Proc. Amer. Soc. Anim. Prod., 1913, pp. 22-31. 
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Effect of preparing corn for pigs of different weights 

ib Average ration Feed for 
Preparation of corn No. of Initial 2211 Vit | aac caaaeaaa TT LOO NLDS 

pigs weight gain Corn Shorts Tankage gain* 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

First month 
Ear cormm...... 16 54 0.63 1.39 0.72 0.25 376 
Shelled corn... 16 54 0.66 1.38 0.72 0.25 357 
Ground corn... (Gy 54 0.64 1.38 0.72 0.25 370 

Second month 
Har com...... 16 73 0.89 ZEROS 0.75 0.25 374 
Shelled corn... 16 74 0.84 2.18 0.75 0.25 378 
Ground corn... 16 73 0.84 9) O45) O75 0.25 388 

Third month 
Ear corn...... 43 108 0.96 33 ato) 0.25 0.27 404 
Shelled corn... 42 106 0.92 Sre2 0.26 0.28 417 
Ground corn... 43 107 1.00 3.47 0.25 0.27 399 

Fourth month 
Har com...... 51 140 1.14 4.44 0.01 0.34 422 
Shelled corn... 50 139 1.14 4.51 0.01 0.34 428 
Ground corn... oll 141 123 4.65 0.01 0.34 408 

Fifth month 
Har corn...... 58 178 1 PA ta) Pall 0.35 460 
Shelled corn... 58 178 120 5.29 0.34 468 
Ground corn... 58 182 1.36 5.56 0.35 434 

Sizth month 
IariGOrn. «ess. 64 219 1.44 6.05 0.36 445 
Shelled corn...| 53 217 1.46 6 .30 Bee 0.37 455 
Ground corn... 64 226 1.58 6.43 et ae 0.36 431 

* Ear corn reduced to shelled corn basis. 

corn and shelled corn were fed dry and the ground corn was wet enough 
so that it would not be thrown out of the trough by the pigs while eating. 
In the above table the results are arranged by months, starting with 
the pigs weighing 54 lbs. 

The table shows that during the first and second months there was 
no appreciable benefit from shelling corn or from grinding it. In the 
third month the pigs fed ground corn began to make slightly larger 
gains, and required a little less feed for 100 lbs. gain. When the pigs 
reached a weight of 140 lbs. the difference became slightly more marked. 
During each of the last 3 months the pigs fed ground corn ate more 
feed, made slightly more rapid gains, and required less feed for 100 
Ibs. gain. For these months the saving by grinding, however, was not 
large, amounting to only 4.1 per ct. on the average over ear corn. Har 
corn gave better results than shelled corn. 

The slightly more rapid and more economical gains of the older pigs 
on ground corn were probably due to the fact that as pigs mature and 
fatten they masticate corn ltss thoroly. This is shown by digestion experi- 
ments conducted by Evvard at the Iowa Station® with 60-lb. and 200- lb. 

pigs, the results of which are summarized in the table: 
*Information to the authors. 
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Percentage of dry matter digested with corn fed m various forms 
By 60-lb. pigs By 200-lb. pigs 

Per. ct. Per ct. 

Harcorm (not including: cob) s a. craee ec eee cere eveiede tersens 88.8 85.4 
ny shelled. COrns .152 Siena audiences eet ace etcoomaet at epee ere 88 .0 86.5 
Soaked ‘shelled Cornea... =. swan a eecemematee te ose sales 87 .2 85 .4 
DEY STOUT COMM esac bet tenes feel moieties en siete cele deke ere tetany 87 .2 87 .2 
Soaked groundicora ss & oss scccane event eae eeremeetes bree 85.9 88 .4 

The young pigs digested corn when fed as ear corn or dry shelled 
corn nearly as well as when the dry ground corn was fed. With young 
pigs soaked ground corn gave the poorest results. With the 200-lb. 

pigs, on the other hand, grinding increased the percentage digested. 

Other trials at the Iowa Station’® show that for older pigs as large and 
economical gains are made when soaked shelled corn is fed as when 

ground corn is used. Corn should be soaked for about 12 hours and 
must not be allowed to become stale. . 
From these trials we may conclude that for young pigs there is no 

appreciable advantage in shelling, grinding, or soaking corn. Pigs weigh- 
ing 150 lbs. or over may make slightly more rapid gains on soaked or 

ground corn and require somewhat less feed for 100 Ibs. gain. Whether 
this saving, which will average 4 to 6 per ct., will cover the cost of prep- 

aration must be decided by the feeder. 
922. Cooking feed.—The early agricultural authorities uniformly and 

strongly advocated cooking feed for swine. The first definite results 
in opposition came from the Maine Agricultural College™ in 1876, which 
reported that as the average of 9 years of continuous experimentation 

it had found that 89.9 lbs. of raw corn meal was as valuable for putting 
gains on fattening pigs as was 100 lb. of corn meal that had been cooked. 
In not a single trial did a given weight of corn meal on being cooked 

by steam prove as satisfactory as the same weight of uncooked meal. 
These results were so at variance with popular opinion that the matter 
was soon tried out at a number of stations, some of the findings of which 

are as follows: 

Results of feeding cooked and uncooked grain to fattening pigs 

Feed for 100 Ibs. gain 

Station reporting No. of Kind of feed How prepared | 
trials Cooked | Uncooked 

Lbs. Lbs. 

Wisconsin*........ 4 Ground barley....... Steamed 628 589 
Wisconsin*........ 2 Ground corm......... Steamed 517 463 
Wisconsin*........ 2 Whole corn, shorts....| Steamed 564 484 
Wisconsin*........ S Corn meal, shorts... . .| Steamed 597 574 
Ontario Colleges... 2 Pease ie ee eee Steamed 475 360 
Kansas Agr. College} 1 Whole corm... 25.20% : Steamed 750 630 
Iowa Agr. College§..| 1 Shelled corn......... Not stated 538 448 
Iowa Agr. College§..| 1 Ground:corm: <3 mee Not stated 562 445 
@) thaw .cier exsieterss 1 Ground peas, _ bar- 

ley; TVG.) a een Steamed . 417 425 

Towa Bul. 106. An. Rpt. Trustees Me. State Col. Agr., 1876. 
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The trials above reported, which are but a fraction of all that have 
been made in this country, show that in most cases there is an actual 
loss of food value by cooking the various grains for fattening swine. 
Some few feeds, such as potatoes, are improved by cooking, but as a rule 
there is no gain and usually a loss by such operation. (425, 427, 429) 
From trials at the North Platte, Nebraska, Substation!* in which the 
value of stewing alfalfa hay for pigs was tested, Snyder concludes that 

the farmer is not warranted in going to much, if any, expense in thus 
preparing the hay. (426) 

923. Wetting or soaking feed.mRommel,”* studying all the trials at the 
various stations in which feed was either wet or soaked with water be- 
fore feeding, found a difference of only 2 per ct. in favor of soaking or 
wetting. We have seen in a preceding article (921) that it may be advis- 
able to soak shelled corn for large pigs, while this does not noticeably in- 
crease its value for young animals. Any grain so hard as to injure the 
mouths of the pigs during mastication should always be soaked if it ean 
not be ground or rolled. This is especially necessary with such small, 
hard grains as wheat and rye. Ina trial at the Kansas Station!* Kinzer 

and Wheeler found no advantage from.soaking alfalfa meal and ground 
corn for fattening pigs. In trials at the Indiana Station'® Plumb and 
Van Norman, when feeding corn meal or hominy feed with shorts to 

pigs, found it made no difference’ whether 1 or 3 lbs. of water per pound 
of meal was used to form the slop. Good and Smith of the Kentucky 
Station’® state that when dry ground wheat is fed to pigs it often gums 
up in the mouth, forming a pasty mass which is difficult to masticate 
and swallow. Feeding the wheat as a thin slop largely overcomes this 
trouble. In severe winter weather slop should be warmed for pigs housed 
in cold quarters. 

924. Light vs. heavy feeding—In experiments at the Copenhagen 
(Denmark) Station’’ with sixty 35-lb. pigs, the influence of intensity 
of feeding on gain was especially studied. The following results were 
secured in trials lasting 120 and 210 days, respectively, the feeds used 
being barley, buttermilk, skim milk, and whey: 

Results from feeding heavy and light rations 
Grain fed Av. gain Grain for 100 

Character of feeding daily per day lbs. gain 

Lbs. Lbs. Lbs. 

Weigh terrors iets ais. ave Bie See Tate 3.61 0.92 391 
IWPEGIUTTI ee tre are steiis a She tio cies as sheatioes 4.23 1.07 397 
TRICE AIAALS Gr i Ch ea DIOR eet es Cm 4.51 1.12 404 

These results indicate a tendency toward a poorer utilization of the 
food in the heavier feeding, tho the difference is slight. 

“Nebr. Bul. 147. 

%U. S. Dept. Agr., Bur. Anim. Indus., Bul. 47.. 

4Kan. Bul. 192. Ind. Bul. 86. ’wKy. Bul. 190. 

“Copenhagen (Denmark) Rpt. 30, 1895. i 
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925. Self feeders for swine—Evvard of the Iowa Station'® has con- 
ducted numerous trials with self feeders for various classes of swine. 
His results show that this method of feeding is well adapted to the quick 
fattening of well-grown shotes, for fattening old sows, and for growing, 
fattening shotes where it is desired to feed them an unlimited grain al- 
lowance. The self feeder should not be used when rapid gains are not 
wanted, for instance, where it is desired to force pigs to make the maxi- 

mum use of pasturage by limiting the grain allowance. It should not 
be used for pregnant sows except early in pregnancy or unless bulky 

feed, of which ground alfalfa is the best under corn-belt conditions, is 
mixed with the grain. By decreasing or increasing the proportion of 

corn the gilts or sows may be kept in the proper condition. 
To compare the rate and economy of gains when pigs were self-fed 

and hand-fed, Evvard fed 8 lots, each of 5 spring pigs, from weaning 
until they weighed 250 Ibs. on the feeds shown in the table. The pigs 
were grazed on alfalfa pasture during the summer and finished in the 

dry lot. 
Self feeder for pigs on alfalfa pasture 

Time to reach Daily Concentrates for 
Average concentrate allowance 250 Ibs. gain 100 Ibs. gain* 

Days Lbs, Lbs. 

Lot I 
Ear corn, hand-fed, 3.8 Ibs.* 
Mieataneal *Os28nbws. frente <tr rete 206 1.06 385 

Lot II 
Ear corn, hand-fed, 3.6 Ibs.* 
Mieat meal iO. 399D .c.5 «3-5 26.04-5i-0 2 ss ee eae 206 1.07 373 

Lot IIT 
Shelled corn, self-fed, 4.1 Ibs. 
IMestimed | Oe33ilb acc case er elec riser 180 1.22 364 
*Ear corn reduced to shelled corn basis. 

Lot III, getting shelled corn and meat meal in separate feeders, made 
the largest gains, reaching 250 Ibs. in 180 days, and also required the 
least concentrates in addition to pasture for 100 lbs. gain. A lot of 
241-lb. yearling sows self-fed in a dry lot on shelled corn gained 2.6 lbs. 

per head daily, requiring 417 lbs. of corn for 100 lbs. of gain. Another 
lot hand-fed on shelled corn gained 0.3 lb. less per head daily, and 

required 436 lbs. of corn for 100 Ibs. of gain. 
The large gains which may be secured with growing pigs self-fed in 

dry lots on corn and suitable supplements are shown in another trial 

by Evvard in which 3 lots, each of five 45-lb. pigs, were allowed access 

to the following feeds in separate.self feeders for 162 days. A fourth 
lot on alfalfa pasture was supplied shelled corn in addition by means 
of a self feeder and finished in a dry lot on shelled corn and meat meal 
in self feeders for 22 days after the pasture was gone. Salt was sup- 
plied each lot in a self feeder, and in addition ground limestone. and 
charcoal were furnished the pigs in the dry lots. 

Proc, Amer. Soc. Anim. Prod., 1914; Corn Belt Meat Producers’ Assoc., 
Rpt. 1914. 
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Value of self feeder for growing, fattening pigs 

Concentrates 
Daily per 100 lus. 

Average ration gain gain 

Lbs. Lbs. 
Lot I 

Shelled corn, 5.4 lbs. 
Oats, 0.10 lb. Meat ied OPAGH bi tee entre ae es 125 399 

Lot II 
Shelled corn, 6.0 lbs. Linseed meal, 0.10 lb. 
Oats, 0.08 lb. Meatimesl:, 0:40 Ibsen: sae. cite doa 5/4 1.6 417 

Lot III 
Shelled corn, 5.6 lbs. 
Oats, 0.04 Ib. Linseed meal, 0.02 lb. 
Middlings, 0.22 lb. MieatmesliOn42 ibis sis cane cis ci 125 418 

Lot IV 
Shelled corn, 5.9 lbs. 
Alfalfa pasture Meatimesl (0.07 Ib: 298). 22 At 2. 1.5 395 

*Meat meal fed only while in dry lot. 

All these self-fed pigs made exceedingly large and economical gains. 
The pigs in Lot II reached an average weight of 316 lbs. at 248 days of 
age, one of the pigs weighing 405 lbs., an unusual record. Evvard states 
that pigs allowed free access to corn and supplements, such as tankage, 
linseed meal, and wheat middlings, show a remarkable ability to balance 
their own ration. At first about 75 per ct. of the entire ration was corn 
and the remainder meat meal and other supplements. As the pigs grew 
older they widened the nutritive ratio of their ration till at the close 
about 99 per ct. of the feed eaten was corn. All lots showed a tendency 
to eat a larger proportion of oats during the first few weeks than later, 
finally consuming only an insignificant amount of this bulky feed as they 
became well fattened. Evvard points out that when pigs are not sup- 
plied with all the corn they will eat it is inadvisable to feed tankage in 
a self feeder, for because of hunger they will eat more meat meal than 
is needed to balance their ration. 

926. Water required by pigs.—Dietrich,1® who has given the subject 
much careful study, concludes that the proper amount of water for the 
pig ranges from 12 lbs. daily per 100 lbs. of animal at the time of wean- 
ing down to 4 lbs. per 100 lbs. during the fattening period. He holds that 
pigs do not usually drink enough water in winter, and that they should 
be forced to take more by giving it, warm if necessary, in their slop. He 
states that the total quantity of water drunk seems to be of greater im- 
portance than the manner in which it is administered. On protein-rich 
feeds the pig needs more water than when on starchy feeds. (103) 

927. Salt and correctives of mineral nature.—Tho pigs require less salt 
than the other farm animals, they should be supplied with it regularly. 

In a trial by Evvard at the lowa Station”? pigs allowed free access to 
salt made better gains than those receiving no salt or others getting 
allowances of one-sixty-fourth, one-thirty-second, or one-sixteenth ounce 

“Swine, p. 156. : “Information to the authors. 
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per head daily. Salt may be supplied in a trough or a small self feeder. 
If pigs have not had free access to salt they may at first overeat. 

Pigs, especially those kept in confinement, often show a strong craving 
for seemingly unnatural substances—charcoal, ashes, mortar, soft coal, 

rotten wood, soft brick, and many others being greedily devoured when 
offered. Such cravings should be satisfied by supplying such materials 
as charcoal, air-slaked lime or ground limestone, wood ashes, bone meal 
or ground rock phosphate, and copperas, with or without salt. A mix- 

ture of correctives may be placed before the pigs or they may be offered 

in separate compartments of a covered trough or of a self feeder. 
928. Proprietary stock foods.—At the Ottawa Experimental Farms” 

Grisdale fed groups of 4 pigs, ranging in weight from 45 to 75 lbs. each, 
for 90 days to test the value of certain proprietary stock foods when 

added to a mixture of half shorts and half mixed ground grains—peas, 
oats, and barley. The results of the trial are shown below: 

Value of proprietary stock foods in pork production 

Meal Ae Feed for 100 lbs. gain | Cost of 
Allowance of stock food or supplement perhead |) daily. #| gasses eee aL OOR bss 

daily gain Meal Other feed gain 

Lbs. Lbs. Lbs. Lbs. Dollars 

Dy. eNiealalonen eke we fon ote kalecet ein 6.2 >|, eb .2 438 i) 4.38 
II, Anglo-Saxon stock food, 0.22 lb.. 4.3 1.0 4382 DD} 6.52 
Pile International stock food, 0.12 Ib... 4.0 0.9 437 12 6.17 
IV, Herbageum, 0.13 lb.. 3 ahs pele ® 13 393 10 5.15 
V, Sour skim milk, 3.7 lbs. . eRe Sean arin 34405) 1e2 295 309 3.42 
VI, Clover and rape pasture............| 4.8 1.2 421 Pasture | 4.21 

Of those receiving stock food, only Lot IV, fed Herbageum, made 
larger gains than Lot I, fed a straight meal ration. Valuing the mixed 

meal at $1, skim milk at 15 cents per 100 lIbs., and the stock foods at 
market. prices, all the lots receiving stock food made more expensive 

gains than Lot I. Skim milk at 15 cents per 100 lbs. lowered the gain- 
cost materially, and clover and rape pasture to a less degree. In this 

trial the stock food was added to a palatable, well-balanced ration of 
mixed grains. 

In trials at the Iowa Station?? with International, Iowa, and Standard 
stock foods Michaels and Kennedy found that the stock foods when 

added to corn alone had no beneficial effect on digestion and that a 
bushel of corn produced as much or more pork when fed alone as when 
stock foods were added to it. (289) 

At the Kansas Station*® Kinzer and Wheeler fed International, Pratt’s, 
and Hercules stock foods with corn to 170-lb. pigs in comparison with 
others fed corn alone and still others fed corn and tankage, or corn, tank- 
age, and wheat shorts. The pigs fed corn and stock food made but shghtly 
larger gains than those fed corn alone, while those fed corn and tankage, 
or corn, tankage, and shorts gained over twice as much as those fed corn 

2 Ottawa Expt. Farms Rpt. 1904. “Towa Bul. 113. 3Kan. Bul. 192. 

Se ee 
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alone. The wise farmer will not seek to use stock foods as a supplement 
to corn, but will employ such protein-rich feeds as skim milk, tankage, 
wheat middlings, and linseed meal. 

929. Winter vs. summer feeding.—The Copenhagen (Denmark) Sta- 
tion** has compiled the results of 199 trials conducted at that station 
with about 2,500 pigs, so as to compare the relative economy of gains 
by pigs in summer and winter. In the following table, which summa- 
rizes the results of these trials, all the skim milk, whey, roots, ete. fed 
have been reduced to their grain equivalent to facilitate comparison : 

Feed required to fatten Danish pigs in winter and in summer 

Grain equivalent eaten Grain equivalent for 
per day per head 100 Ibs. gain 

Weight Winter Summer Winter Summer 

Lbs. Lbs. Lbs. Lbs. 

SEL OME DLS sor oh h sicteira ele tahaioneaaiclaeens ste 2.66 2.65 371 346 
emtOMllioul See tuc scree orcas tones sacl Set estes 3.96 3.92 446 397 

TELS qigoy "stay cK) ee ane ROC eee Ree CATE REE 5 .26 5.20 516 457 
INV CTAOCM telecast eters aie eisiciche eratsinse ware ¢ 3.96 3.94 444 400 

*Danish pound=1.1 avoirdupois lbs. 

It is shown that winter-fed pigs required 444 lbs. feed for 100 lbs. 
gain, or 11 per ct. more than summer-fed pigs. In Denmark the sum- 
mers are cool, and the winters more or less damp but not excessively 
eold. It is fair to hold that in the northern parts of America the differ- 
ence between winter and summer feeding is somewhat greater than the 
Danish figures indicate, while over much of our country there is no great- 
er difference and often no difference at all. 

930. Shelter and exercise.—Even in the northern part of the corn belt 
where the winters are severe, inexpensive shelter is all that is necessary 
for swine. The requisites for healthful winter shelter are freedom from 
dampness, good ventilation without drafts on the animals, sunlight, rea- 
sonable warmth, and a moderate amount of dry bedding. The quarters 
should be located on well-drained ground and should be so arranged that 

they may be easily and thoroly cleaned and disinfected. 
Swine may be housed in a central hog house with a number of pens 

or in small movable ‘‘cabins’’ or colony houses. Many use a combination 
of the 2 systems, for in the northern states the central house is well suited 
for winter shelter and spring farrowing, while the portable houses are 
particularly useful for housing pigs on pasture. At the Ottawa Sta- 
tion,”? where the winters are severe, Grisdale kept lots, each of 4 to 7 
pigs weighing about 70 lbs., during 60 days in winter in small board 
houses, such as were used for summer shelter. Other lots were kept in 
the well-built piggery, which afforded much greater protection. The pigs 
in the small houses gained 0.68 Ib. per head daily, 0.02 lb. less than those 
kept in the piggery, and required 44 per ct. more feed for 100 lbs. gain. 

Copenhagen (Denmark) Station, Rpt. 30, 1895. 
Ottawa Expt. Farms, Rpt. 1904. 
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Brood sows in the small houses required only 25 per et. more feed than 
those in the warmer quarters, showing that large animals can withstand 

severe cold better than small ones. The health of the animals was good 
under both conditions. Shelton of the Kansas Agricultural College”® 
found that during a winter in which the temperature at 8 a. m. ranged 
from 31° F. to -12° F. large hogs in warm quarters required 25 per 
ct. less feed than those in a yard protected only by a high board fence 
on the north. 

Tho somewhat more feed is required by pigs wintered in the small, 
colder houses, this is more or less offset by the low cost of the cabins 
and by the ease with which they may be shifted to prevent disease and par- 
asites and to distribute the droppings of the animals. In severe weather 
corn stalks, horse manure, or other litter may be banked against the sides 

of the houses. With liberal bedding, all but the youngest pigs should 
then be comfortable. When litters come in severe weather a lantern 
hung in the cabin will furnish sufficient warmth. 

For breeding stock and growing pigs ample exercise is of the utmost 
importance. To enforce exercise animals quartered in several cabins can 
be fed at a point, at some distance from the shelters, where there are 
troughs and a feeding floor. When snow covers the ground, paths can 
be broken out with a snow plow. In winter, even where the cold is severe, 
pigs housed in colony houses and forced to take daily exercise thrive 
amazingly. If a permanent hog house is used abundant exercise should 
be enforced at all times with breeding and stock animals. 

931. Types of swine; breed tests—The principal breeds of swine are 
of 2 distinct types, the lard type, of which the Poland-China, Berkshire, 

Chester-White, and Duroc-Jersey are the leading breeds, and the bacon 
type, represented by the Tamworth and Large Yorkshire breeds. The 
Hampshires, tho often classed as bacon hogs, really stand between the 

extreme bacon type and the lard type. Lard hogs, which are the type 
commonly raised in the United States, have compact, wide, and deep 
bodies. Since the hams, back, and shoulders are the most valuable parts, 

the packer desires a hog furnishing a maximum of these cuts. Usually 
being well-fattened, lard hogs yield a high percentage of dressed car- 
cass. Formerly heavy hogs were in largest demand, but now pigs weigh- 

ing 250 lbs. or less will command the highest price, if well finished. 
The true bacon type is raised but little in the United States, the do- 

mestic demand for bacon being largely satisfied by the leaner pigs of the 
lard type. The bacon pig is raised chiefly in Denmark, Great Britain, 
and Canada, where corn is not the main feed for swine. Pigs of the bacon 
breeds are longer of body and of leg than those of the lard breeds, have 
less thickness and depth of body, and are lighter in the shoulder, neck, 
and jowl. The highest quality bacon is that made for the English mar- 
ket under the name of ‘‘ Wiltshire side,’’ which consists of the whole half 
of the dressed pig, less the head, feet, shoulder blade, neck bone, and 

*Kan. Agr. Col., Rpt. Prof. Agr., 1883. 
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aitch bone. For this purpose the pigs should weigh from 160 to 200 Ibs. 
and carry but medium fat, which should be uniformly from 1 to 1.5 
inches in thickness along the back.?" 

Breed tests have been conducted at several stations to determine 
whether there is any difference in the economy of meat production by 
the different breeds. Of these the most extensive were tests at the On- 
tario Agricultural College** and the Iowa Station,”® in which pigs of the 
Berkshire, Poland-China, Duroc-Jersey, Chester-White, Tamworth, and 
Yorkshire breeds were compared. A study of the results shows that there 
was no consistent and uniform difference in gains or economy of pro- 
duction, a breed which ranked high in some of the tests, being surpassed 
by other breeds in the rest of the trials. The bacon breeds made as eco- 
nomical gains as those of the lard type. We may conclude that there is 
no best breed of swine so far as rate and economy of gains are concerned. 
There are far greater differences between individuals of the same breed 
than between the different breeds. One should select the breed which 
seems best adapted to his conditions and suits his fancy, and then be 
sure to secure and to maintain vigorous, well-bred animals of that breed. 

932. Razorbacks.—Carlyle of the Wisconsin Station®® procured razor- 
backs or semi-wild swine, also called feral swine, from Texas and Okla- 

homa. In one trial 6 unmixed descendants from the original pair of 
razorbacks were fed in comparison with the same number of pigs ob- 
tained by crossing razorbacks on improved Berkshires or Poland-Chinas. 

The razorbacks made slower gains and required more feed for a given 
gain than did the cross-breds. Carlyle reports that they were also fickle 
in appetite. At one time they would gorge themselves, and then eat 

sparingly, only to follow with another gorge. They seemed to thrive 
best with abundant pasture and bulky food. The second cross with the 
improved breeds produced pigs of fine form that were good feeders. 

None were immune from hog cholera, the original pair dying of that 
disease. 

933. Spayed and unspayed sows.—At the Utah Station*! Foster and 
Merrill secured a daily gain of 0.82 lb. with spayed sows and 0.86 lb. 
with unspayed sows, no difference in their appetites being noticed. 

934, Barrows vs. sows.—In feeding trials mostly by the senior author 
at the Wisconsin Station,®* the weights and gains of 98 sows and an 
equal number of barrows were as follows: 

Agel : A Sows Barrows © 
Av. weight at beginning of feeding period, Ibs.................. 136 144 
Av. gain per animal during feeding period, lbs.................. 102 107 

It is shown that the barrows, weighing somewhat more than the sows, 
made slightly better gains. Data obtained in feeding 1,216 pigs at the 

= Day, Productive Swine Husbandry, pp. 13-14. *° Wis. Rpt. 1903: 

= Ont. Agr. Col., Rpts. 1896-8. a <-< Utah Bul. 70. , 

“Towa Bul. 48. Se tee “Wis. Rpts. 1897-1906. 
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Copenhagen (Denmark) Station** showed practically no difference be- 
tween barrows and sows as to gain, shrinkage, or quality of carcass. 

935. Length of intestines—Darwin* states that the nature of the 

food supplied the pig by man has evidently changed the length of the 
intestines. He quotes Cuvier as reporting the total length of the intes- 
tines of the wild boar to be 9 times the body length; in the domestic 
boar 13.5 to 1; in the Siam boar 16 to 1. The senior author®® measured 

the intestines of 39 fattened hogs and found that the large intestine var- 
ied from 13 to 16 ft., and the small intestine from 54 to 60 ft. in length. 
The average extreme body length of these animals was 3.5 ft. This makes 

the small intestine alone from 16 to 19 times the length of the body, and 
the large and small intestines combined about 21 times the body length. 
From these figures it appears that the intestines of pigs of the improved 
breeds are longer in proportion to the body than those given by Cuvier. 
This may indicate that the modern pig can digest his food more thoroly 

than his ancestors, and also that he can eat a larger quantity of food in 
a given time. (35) 

936. Dressing percentage.—Coburn*® gives the following concerning 

the percentage of dressed careass that pigs will yield on slaughtering 
after being deprived of feed for 12 hours. 

Yield of dressed carcass by pigs of various weights 
Dressed Dressed 
carcass carcass 

Per ct. Per ct. 

Live weight, 100 lbs............... 72 Ibiverwelchi¢250nlbsa arr cane tee = Ue 
Live weight, 150 Ibs............... 73 Live weight, 300 Ibs..............79 
Live weight, 200 lbs............... 75 Live weight, 350-500 Ibs....... 80-87 

It is shown that the small, immature, unfinished pig yields the least 
and the large, mature fat one the greatest percentage of dressed carcass. 
For each 100 lbs. of live weight increase over the first 100 Ibs. the yield 
is approximately 4 per ect. more dressed carcass. The pig leads all 
4-footed farm animals in the percentage of available carcass it yields. 

937. Requirements for bacon productionDay*™ of the Ontario Agri- 
cultural College states that to produce a good Wiltshire side of bacon 
requires in the pig ‘‘certain definite peculiarities as to weight, condition, 
and conformation.’’ The customers for this class of bacon are most fas- 
tidious, and bacon which does not come up to the standard in every par- 
ticular is heavily discounted. The fat should be clear white in color, the 
flesh firm, and there should be a much higher percentage of lean to fat 
than in the ecareass ef the lard hog. (931) 

According to Day, a peculiar feature of swine is their tendency to 
develop fat. Ifthe very best specimens of the bacon type are fed largely 

®Copenhagen (Denmark) Station, Rpt. 1895. . 
* Animals and Plants under Domestication. 

Wis. Rpt. 1889. 

%Swine in America, p. 535. 

7 Productive Swine Husbandry, p. 13. 
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on corn, ina couple of generations they will show a tendency to become 
shorter and thicker in body. ‘‘ Even under the most favorable conditions 

there is a tendency for the bacon type to change gradually in the direc- 
tion of the fat type, unless care is exercised in selection. It is safe to 
say, therefore, that it is easier to increase the proportion of fat in a hog’s 
carcass than it is to increase the proportion of lean, and that the extent 
to which the lean may be increased by the character of the feed is very 
limited and is fixed by the individuality of the animal. Further, any 

attempt to increase the amount of lean thru feeding must be started 
when the pig is very young in order to be successful.’’ (137) 

938. Soft pork.—In bacon production a varying number of carcasses 
are usually rejected by the packers after slaughter because they are too 
soft for the requirements of the bacon market. Olein, palmitin, and 
stearin are the three principal fats in the lard of the pig. Olein is 
liquid at ordinary temperatures, while the others are solid. Shutt of the 

Ottawa Experimental Farms** concludes that soft pork is largely due 
to an undue proportion of olein in the fat of the carcass. He finds that 
the fat of firm pork carries 68 per ct. olein or less, and that of soft pork 
75 per ct. or more. Pigs fattened exclusively on corn give a lard ecarry- 

ing as much as 92 per ct. of olein, while an oats-peas-barley ration pro- 
duces a lard with only 67 per et. olein. 
From the extensive studies of Fjord and Friis of the Copenhagen 

(Denmark) Station,*® and those of Day, Grisdale, and Shutt of the Can- 
adian Stations,*° we learn that soft pork unsuited to the production of 
high quality bacon is due on the part of the animal to unthriftiness, 
lack of exercise, immaturity, and lack of finish, and only in a small way 

to the breed. Imperfect feeding, marketing before being finished, hold- 
ing too long after finishing, and undue forcing—especially when im- 
mature—are other causes. In general, improper feeding stuffs and feeds 

improperly combined tend to produce low-quality bacon. According to 
Day,*! exclusive meal feeding is one of the most common causes of soft- 
ness, especially with pigs not given exercise. Of the grains in common 
use, corn has the greatest tendency to produce softness. This can be 
modified by mixing it largely with other meal, or by feeding skim milk, 
green feed, and roots, but its tendency to produce softness is so strong 

that it is undesirable for bacon pigs when fed in large amount. While 
corn appears to give a good quality of meat in the case of the lard hog, 
it must be remembered that the bacon hog is marketed at lighter weights 
and in thinner condition than the lard hog, which may possibly explain 
why corn is unsatisfactory for feeding bacon hogs. It is possible also 
that the difference in the methods of curing the flesh may have an in- 
fluence. Beans seem to have a more marked effect than corn in pro- 

S Ottawa Expt. Farms, Bul. 38. 

Copenhagen (Denmark) Rpts. 1884, et seq. 

*Rpts. and Buls. Ont. and Ottawa Expt. Stations, 1890-96. 

“Productive Swine Husbandry, pp. 133-5. 
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ducing soft pork and should not be used for finishing bacon hogs. Soy- 
beans and peanuts also tend to produce a soft, oily pork. Barley ranks 
first for producing the highest grade of bacon, while oats and peas fol- 
low. Skim milk and whey in combination with the cereal grains, in- 
cluding corn, make a solid flesh that is particularly desirable. Rape, 
roots, and clover are helpful, but these and other succulent feeds should 
be judiciously used. Pigs that have been properly fed and have had free- 
dom until they weigh 100 lbs., if in thin condition, may be finished on 

almost any of the common meal mixtures and produee fine bacon. They 
should be fed slightly less than the full ration. 

Kennedy states‘? that the following rations are used by the Danes, 
who excel in the production of bacon: ‘‘Ground barley, cooked pota- 
toes, and skim milk; shorts and skim milk; 2 parts shorts, 2 parts ground 
barley, 1 part corn meal, and skim milk; 2 parts ground barley, 1 part 
wheat bran, 1 part ground rye, and skim milk; 2 parts ground barley, 
1 part ground oats, 1 part corn meal, and skim milk. Corn meal is fed 

with care, especially during warm weather; when fed in small quanti- 
ties with barley, shorts, oats, and bran, combined with a liberal allowance 
of skim milk, there are no bad results. Some good feeders use corn meal 
to the extent of one-third or one-half of the grain ration during the first 
3 or 4 months and then omit it and finish with oats or similar feed. 
Feeders are sometimes compelled to use corn on account of the low price 
of bacon. Ground rye to the extent of about one-third of the ration 

gives good results, but rye shorts are not satisfactory and are only used 
in small quantities. The best feeds are ground barley, crushed oats, and 
wheat shorts. Roots are fed during winter and soiling crops during 

summer.”’ 

“U. S. Dept. Agr., Bur. Anim. Indus., Bul. 77. 



CHAPTER XXXIV 

FEEDS FOR SWINE 

I. CarBONACEOUS CONCENTRATES 

The digestive organs of the pig, with their contents, comprise but 7.5 
per et. and those of the ox over 14 per et. of the total weight of the body. 
(35) The horse, ox, and sheep are normally herbivorous, living on the 
finer and more delicate portions of plants and their seeds, while the 

omnivorous pig feeds not only on the tender leaves, stems, roots, and seeds, 
but on animal matter as well. Because of the limited capacity of the 
stomach and the nature of its digestive apparatus the pig requires food 
that is more concentrated and digestible and less woody than that of the 
other large farm animals. Not only is the pig an omnivorous feeder, but 
in nature it lives close to the earth, gathering some of its food from be- 
neath the surface and swallowing considerable earthy matter in doing so. 
The intelligent swine feeder bears all such facts in mind in feeding his 

herd. 
939. Indian corn.—This imperial fattening grain is the common hog 

feed in the great pork-producing districts of America. Corn is low in 
protein compared with its wealth of carbohydrates and fat, and is also 

deficient in mineral matter. (201) Hence, even for fattening well-grown 
pigs, much larger and more economical gains are secured when this grain 
is properly supplemented by feeds rich in protein and mineral matter, 
especially calcium, or lime. This is clearly shown in the following table, 
which summarizes the results of 32 trials at various stations, averaging 

82 days, in each of which one lot of pigs was fed corn alone and another 
lot corn and a protein-rich concentrate, such as tankage, wheat middlings, 
linseed meal, pea meal, or soybean meal. 

Corn alone vs. corn and mtrogenous supplement for pigs 
Initial Daily Feed for 100 

Average ration weight ~ gain Ibs. gain 

Lbs. Lbs. Lbs. 

Lot I, total of 180 pigs 
Warnes Sols eee is ic Says G2 wheres eeabedy sles 5 115 0.9 602 

Lot IT, total of 187 pigs 
Corn, 4.3 lbs. Supplement, 1.4 Ibs............ 117 1.3 441 

Altho most of these pigs were well grown when placed on trial, aver- 
aging over 100 lbs. in weight, Lot II, fed corn and a nitrogenous supple- 
ment, made over 40 per ct. larger gains and required 27 per ct. less feed 
for 100 lbs. gain. Had the pigs been younger at the beginning of the 
trials the results would have been even more striking. These trials show 

587 
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that no one ean afford to feed corn alone to growing, fattening pigs. Corn 

alone gives better results for fattening old sows, but even here the use of 
a supplement is advisable. For brood sows it is highly important that 
feeds rich in protein and lime be supplied with corn. Many recommend 
that not over one-third to one-half the ration of the brood sow should 
consist of corn, but in the corn belt good results have been secured with 
corn and only enough nitrogenous supplement to balance the ration, pro- 
viding the allowance of corn was so restricted that the sows did not be- 
come too fat. (1013) 

In the corn belt most of the corn is fed on the cob, a commendable 
practice since it involves the least labor by the feeder and is satisfactory 

to the animals. (921) Where early fall feeding is desirable, corn in the 
roasting-ear stage may be supplied, stalks and all, but in limited quantity 

at first, for if much is eaten digestive derangements follow. As the kernels 

harden, the corn may be more liberally supphed. Pigs that have grazed 

on clover, alfalfa, or other pasture incur the least risk from new corn. 
Coburn! quotes Atkinson as stating that a given area of standing corn 
will go 3 times as far after it begins to dent as it will if fed off when in 

the roasting-ear stage. (23) The Virginia Station® found that pigs fed 
new ear corn made as good gains as others fed old corn. 

940. Soft corn—Coburn® states that soft corn is considered excellent 
for swine and especially for young pigs, many breeders believing they can 
obtain better gains from soft than from sound, hard corn. As soft corn 

contains less starch than mature corn, it is advisable to feed some old corn 
for finishing. Soft corn may be used during cold weather without danger, 
but should not be carried over into the warm season, as it will ferment 

and thereby become unfit for use. (205) 
941. Corn meal; corn-and-cob meal.—The trials reviewed in the preced- 

ing chapter (920-1) show that there is no appreciable advantage in 
erinding corn for pigs under 150 lbs. in weight, and that for older pigs 
the saving of corn thru such preparation is but slight. The trials of 
Kennedy and Robbins at the Iowa Station* show that the labor involved 
in grinding ear corn to corn-and-cob meal is more than wasted, the pigs 
making larger and more economical gains on the ear corn. This seems 
reasonable for the pig has a digestive tract that can at best but poorly 
utilize a hard, fibrous material such as the corn cob, even after it is 
ground. Where the pig’s food is limited in quantity the cob particles 
may be useful in distending the digestive tract. Even in such cases the 
feeder should supply woody matter of better character, such as clover 

and alfalfa hay furnish. (208, 921) 
942. Hogging down corn.—In the corn belt many farmers turn pigs 

into fields of standing corn, in which rape or other supplemental crops 
have usually been sown, and allow them to do their own harvesting. This 
system, called ‘‘hogging down,’’ was compared with feeding pigs ear corn 

1Swine in America, p. 287. 3Swine in America, p. 276. 

*Va. Bul. 167. ‘Towa Bul. 106. 
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in dry lots by Gaumnitz, Wilson, and Bassett in 2 trials at the Minnesota 
Station® and by Evvard in 1 trial at the Iowa Station,® with the results 
summarized in the table. In the Minnesota trials rape and in the Iowa 
trial rye was sown in the corn field at the last cultivation to furnish sup- 
plemental feed. The pigs in the Minnesota trials were also fed an allow- 
ance of shorts and in the Iowa trial an allowance of tankage in addition 
to the corn. 

Hogging down corn compared with feeding corn in yard 
No. of Av.length Daily Concentrates for 
pigs fed of trial gain 100 lbs. gain* 

Days Lbs. Lbs. 

Potion Hogeing. Gown COMM). =. 2. .!5. 2.2. eu oes 68 53 1.4 A887 
Lot IT, Fed ear corn in yard. . mee ata! eS) 57 eu 546 

* Corn reduced to basis of shelled corn. 
+ Corn consumed by pigs hogging down crop estimated. 

The pigs hogging down the corn crop made larger gains and required 
over 10 per ct. less concentrates per 100 lbs. gain than those fed ear corn 
in the yard. Evvard found that of 194 men in Iowa who had had ex- 
perience with hogging down corn only 1 was unfavorable to the practice. 
Over 70 per ct. sowed supplemental crops in the corn field, rape being by 
far the most popular, followed by rye, and by pumpkins. In tests at the 
Iowa Station’ rape was grown in the corn field at an additional cost of 
only $0.40 per acre, rape and pumpkins at $1.00, rye, soybeans, or cow- 
peas at $3.33, field peas at $3.60, and hairy vetch at $6.00 per acre. Rape, 
and rape and pumpkins were the most economical supplemental crops. 

Evvard found that nearly half of the farmers reporting fed some nitrog- 
enous concentrate, such as skim milk, tankage, wheat middlings, or lin- 

seed meal, in addition to the corn. Such a supplement is especially im- 
portant when no supplemental crops have been grown in the corn field. 

Even when supplemental crops are used it is preferable to feed a small 
allowance of nitrogenous concentrates in addition. Spring shotes, well 
grown on pasture and forage crops, are generally used for hogging down. 
Many turn in old sows and little pigs after the shotes are removed to 
clean up what little corn has been left—a good practice, for it enforces 

an abundance of exercise. Pigs hogging down corn pick it up as closely 
as is usually done in husking. 

It is best to confine the pigs to limited areas of the field by fencing, so 
that they will clean up the corn in 20, or better, 14 days. Older hogs 
should be confined to smaller areas than shotes, for otherwise they will 
knock down and waste more corn. Woven wire is used for fencing, being 
tied to corn stalks and further supported by posts or stakes where neces- 
sary. According to the Minnesota Station,® pigs weighing 125 lbs. at the 
beginning will clean up 1 acre of corn in the time shown in the follow- 
ing table: 

°Minn. Bul. 104. "Iowa Bul. 143. 

*Iowa Bul. 148. *Minn. Bul. 104. 
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Number of days required by pigs to clean up 1 acre of corn 
Yield, 40 bu.§ Yield, 50 bu. Yield, 60 bu. Yield, 70 bu. 

per acre per acre per acre per acre 

Days Days Days Days 

When 20 pigs forage.. .......-. 15 19 23 26 
When 40 pigs forage............ 8 9 11 14 
When 60 pigs forage............ 5 6 8 9 
When 80 pigs forage............ 4 5 6 7 

Field feeding of corn is most successful when the weather is dry. It 
is not judicious to keep pigs in the fields after heavy rains, for they then 
waste corn and injure the land. . ; 

943. Hominy feed.—lIn 5 trials at the Indiana Station, averaging 86 
days, Skinner and King® compared the value of hominy feed and corn 
meal for fattening pigs, when fed with either wheat shorts or tankage, 
obtaining the results shown in the table: 

Hominy fecd vs. corn for fattening pigs 
Initial Daily Feed for 

Feed given weight gain 100 lbs. gain 

Lbs. Lbs. Lbs. 

Lot I, Hominy feed and supplement............ 102 Ns 55 427 
Lot II, Corn meal and supplement. -..:.....2.... 102 1.03 495 

The pigs fed hominy feed made slightly larger gains than those fed 

corn meal and required about 14 per ct. less feed for 100 lbs. gain. 
Similar results were secured by Eastwood in 2 trials at the Ohio Sta- 

tion.1° (213) 
944, Barley.—In Europe barley is the most esteemed cereal for the 

production of high quality bacon and is important in this country as a 
feed for pigs in the western states. The values of barley and corn when 
fed with wheat middlings have been compared at 3 stations in 6 trials 
averaging 49 days, with the results summarized in the table: 

Barley vs. corn for fattening pigs 
Initial Daily Feed for 

Average ration weight gain 100 Ibs. gain 

Lbs. Lbs. Lbs. 

Lot I, total of 32 pigs * 
Ground barley, 3.4 Ibs. Middlings, 2.8 lbs.......... 108 1.26 499 

Lot II, total of 32 pigs * 
Ground corn, 3 .4 lbs. Middlinesi 227) lipSiees eu 2. 104 1:34 452 

* Average of 2 trials by Burnett (S. D. Bul. 63), 1 by Richards and Shepperd (N. D. Bul. 84), and 

3 by Smith (Minn. Bul. 22). 

The pigs fed barley and middlings made slightly smaller gains than 

those fed corn and middlings, and required 10 per et. more feed for 100 

Ibs. gain. (226) As barley is carbonaceous in character and is also not 

especially palatable to pigs, it should never be fed alone, but with palat- 

able protein-rich feeds. Barley kernels, being small and hard, should 

always be ground, or better, rolled before feeding. (921) 

945. Wheat.—Commonly wheat of good quality is too high in price 

to feed to stock, but in some seasons, as in 1913, when unusually low in 

°Ind. Bul. 158. “Ohio Bul. 268. 
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price, it may be fed with economy in place of corn. In the following 

table are summarized the results of 3 trials, averaging 110 days, with a 

total of 46 pigs, in which ground wheat and ground corn were compared 
when fed with tankage, and of 8 trials, averaging 99 days, with a total of 
76 pigs, in which either ground wheat or ground corn was fed alone to 

fattening pigs: 

Wheat vs. corn for fattening pigs 
Initial Daily Feed for 

Average ration weight gain 100 Ibs. gain 

Lbs. Lbs. Lbs. 

Wheat vs. corn, fed with tankage * 
Lot I, Ground wheat, 6.2 lbs. Tankage,0.64Ib.... 104 1.54 440 
Lot IIT, Ground corn, 5.6 lbs. Tankage, 0.58 Ib.... 98 1) ii 454 

Wheat vs. corn, fed alone ft 
Mamie Ground wheat, Ora lbssaiy ss Jicceis dee sis oot ic'sl fis 143 1.35 472 
Homie Ground: corm yO wlbsane testa: actor are is 140 123 510 

* Ay. of 1 trial by Eastwood (Ohio Bul. 268) and 2 by Weaver (Mo. Bul. 136). 
7 Av. of 1 trial by Chilcott (S. D. Bul. 38), 1 by Georgeson, Otis, and Burtis (Kan. Bul. 53), 1 by 

Good (Ky. Bul. 175), 2 by Weaver (Mo. Bul. 136), 1 at the Ohio Station (Rpt. Kansas Bd. Agr. 1894), and 
2 by the senior author (Wis. Rpts. 1894, 1895). 

Both when fed with tankage and when fed alone, good quality wheat 
produced slightly larger gains than did corn. The pigs fed wheat and 
tankage required 3 per ct. and those fed wheat alone 7 per ect. less feed 
per 100 lbs. gain than the corn-fed pigs. In trials at the Missouri Sta- 
tion,‘ Weaver found no appreciable advantage from mixing wheat and 
corn, either when these grains were fed alone or when fed with tankage. 
As wheat, like corn, is low in protein, it should always be fed with some 
nitrogenous supplement. (215) 

Wheat should be ground, or preferably rolled, for swine. At the Ore- 

gon Station’? Withyeombe found that grinding wheat to a meal saved 
16 per ect., and crushing or rolling 22 per ct., over the whole grain. 
Bliss and Lee at the Nebraska Station’® found soaked ground wheat worth 
13 to 25 per ect. more than soaked whole wheat. At the North Platte, 
Nebraska, Substation,’* Snyder found that compared with whole wheat fed 
dry the value was increased 1 per ct. by soaking, 16 per et. by grinding, 
and 19 per et. by both grinding and soaking. As it tends to form a sticky 
mass in the pig’s mouth it may be advisable to feed ground wheat in the 
form of a thin slop. (928) Grisdale of the Ottawa Experimental Farms’ 
found that from 360 lbs. to 400 lbs. of frozen wheat were required to 
produce 100 lbs. of gain with fattening pigs—a most favorable showing 
for such grain. At the Ontario Agricultural College, Day?® found frozen 
wheat fully equal to good quality barley when fed with wheat middlings. 

946. Oats——At the Wisconsin Station” the senior author fed whole and 
ground oats with corn meal to 115-lb. pigs for 60 days with the following 
results: 

“Mo. Bul. 136. “Ottawa Expt. Farms, Rpt. 1908. 

2 Ore. Bul. 80. *Ontario Agr. Col., Rpt. 1908. 

“Nebr. Bul. 144. “7 Wis. Rpt. 1889. 

“Nebr. Buls. 144, 147. 
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Whole oats compared with ground oats 
Average Daily Feed for 

Feed ration gain 100 lbs. gain 
Lbs, Lbs. Lbs. 

Lot I, 2% whole oats, 44 corn meal.................. 3.8 0.68 564 
Lot II, 4% whole oats, 34 corn meal.................. 4.0 0.82 492 
Lot III, 24 ground oats, 44 corn meal. ................ 4.4 105 429 
Lot IV, % ground oats, 24 corn meal................. Dial 1.27 402 

The pigs getting whole oats ate less feed and gave poorer returns than 
those fed ground oats. The best returns were with a ration of one-third 
ground oats and two-thirds ground corn. Owing to their bulkiness, oats 
should not be fed as the sole grain to fattening pigs. From trials at the 
Ohio Station'® Eastwood concludes that, while oats may be used satis- 
factorily during the first part of the fattening period when low in price, 

the proportion of oats in the ration should gradually be decreased and 

they should be omitted entirely during the last 4 or 5 weeks. 
Grisdale of the Ottawa Experimental Farms’? found that pigs fed 

soaked shelled corn and skim milk made 49 per ct. greater gains than 
those fed soaked whole oats and skim milk—a good example of the great 
waste which follows the wrong combination of feeding stuffs. Oats and 
corn, or skim milk and corn, are proper combinations, while oats and skim 

milk are not. Again, oats must be ground if they are to be fed in quantity 
to swine, especially when the pigs are young. For pigs while still quite 
small there is nothing more helpful than ground oats with the hulls sieved 
out. For breeding stock and for shotes not being fattened, there is no 
more useful feed than whole oats, fed by scattering thinly on the ground 

or on a feeding floor. (223) 
947. Emmer.—lIn a trial at the Nebraska Station”® lasting 94 days, Bur- 

nett and Snyder compared emmer meal with corn and barley meal as a 

feed for fattening pigs. In a second trial lasting 42 days, an allowance 
of half emmer and half corn meal was fed against one of corn meal only. 
In both trials alfalfa hay was fed to the pigs in addition to the meal : 

Emmer meal compared with corn and barley meal for pigs 
Av. wt. at Av. daily Grain for 

Daily grain allowance beginning = gain 100 lbs. gain 
Lbs. Lbs. Lbs. 

First trial 
Hot. 1, Com meal, 4.3818): snes s cecieyes suse cnet 82 ib oy 470 
Got Wl; Barley meals 4y8ilbsijoeeie st iscnst eae eee 80 0.81 590 
Lot-I[1, Emmer meal,4) Sills. eset ae cette rere 81 0.77 618 

Second trial 
Lot 2h, Cormimeslis (2 1bSien. 4a eee ata 160 1253 470 
Lot II, Corn meal and emmer, 6.6 lbs.:.........-. 146 1635 482 

In the first trial it required 148 Ibs., or 31 per ct., more emmer meal 
than corn meal, and 5 per ct. more emmer meal than barley meal, to 

produce 100 lbs. of gain. In the second trial emmer meal combined with 
corn meal proved nearly equal to corn meal alone. For swine emmer 

should always be ground and fed with other feeds. (288) 

*Ohio Bul. 268. “Ottawa Expt. Farms, Bul. 51. *Nebr. Bul. 99. 
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948. Rye.—Extensive trials by the Copenhagen (Denmark) Station”! 
showed that rye meal ranks a little below corn meal and about equal to 

barley meal as a feed for swine. The pork from rye-fed pigs was satis- 
factory, especially when the ground rye was fed with other grains, milk, 

or whey. Rye shorts and middlings had a lower feeding value than rye 
meal and produced a poorer quality of pork. In 1 trial pigs fed rye meal 
became sick. 

Snyder found at the North Platte, Nebraska, Substation?? that 8.6 per 
et. more soaked whole rye than soaked whole wheat was required for 100 
Ibs. gain. (282) Coburn** recommends feeding ground rye as a thin slop, 

since dry rye meal forms a sticky paste in the pig’s throat on which he 
is liable to choke. (920, 923) Rye may be hogged down when mature 
by pigs; but there is more waste than in hogging down corn. 

949. The grain sorghums.—Thruout the western plains states the seed 
of the grain sorghums is becoming of great importance for pork produc- 
tion. (235-40) These grains are similar in composition to corn, and hence 
should not be fed alone, but always with other feeds rich in protein, such 
as skim milk, tankage, wheat middlings, linseed meal, or alfalfa hay. 
As the seeds are small and hard the grain should be ground. Where this 
is not possible, it is best to feed the sorghum on the head rather than the 
threshed grain. This is shown in a trial by Cochel at the Kansas Station?" 
in which lots, each of ten 140-lb. pigs, were fed the allowances of kafir 
shown in the table with 2.3 lbs. of wheat shorts and 0.4 lb. tankage per 
head daily for 74 days. In addition all lots had access to alfalfa hay. 

Preparation of kafir for pigs 
Concentrates Feed cost 

Daily for 100 lbs. of 100 lbs. 
Average allowance of kafir gain gain gain 

Lbs. Lbs. Dellars 
otmmle Grounds katiny4 OlbSaeneiete ores ae 1.40 534 6.29 
Tomiie Wiholerkatirw5e6ibs sees sees oe il 5 718 7.94 
Poti anti neds Gee LOS «bas cieircet clots are 1.28 690 6.13 

Lot I, fed ground kafir, made considerably larger gains than Lot II. 
fed whole kafir. Tho the gains of Lot III, fed kafir in the heads, were 
slightly smaller than of Lot I, with head kafir at $14, whole kafir at $20. 
and ground kafir at $22 per ton, they made the cheapest gains. (920) 

950. Kafir, milo, and sorgho vs. corn.—T’o determine the relative value 
of kafir, milo, and sorgho, compared with corn, Waters, Kinzer, Wright. 
and King” fed 10 lots of ten 125-lb. pigs, which had been grown during 
the summer on alfalfa pasture and a limited amount of grain, and carried 

thru the fall on alfalfa hay with a little grain, the following rations at 

the Kansas Station: 

*Copenhagen (Denmark) Rpts. 1887, 1890. 

=Nebr. Bul. 147. 

*=Swine in America, p. 347. 

*Kansas Industrialist, May 1, 1915. 

*Kan. Bul. 192. 
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Kafir, milo, and sorgho vs. corn for pigs 
A _ Feed for 100 Ibs. gain 

: Initial Daily Concen- 
Average ration weight gain trates Hay 

Lbs. Lbs. Lbs. Lbs. 
With aus hay, fed 80 days 

Lot 
Z crore corn, 6.6 lbs. Alfalfa hay, 0.6 Ib... 124 1.5 432 39 

ot 
Gree milo, 6.2 Ibs. Alfalfa hay, 0.9 Ib.... 125 1.2 510 74 

ot 
i pe pate kafir, 7.3 Ibs. Alfalfa hay, 0.9 Ib... 124 tS 520 67 

ot IV 
Ground sorgho, 5.7 lbs. Alfalfa hay, 0.9 lb... 126 0.9 650 103 

With shorts and tankage, fed 60 days 
Lot V 
Ground corn, 4.6 lbs. 
Shorts, 2.2 lbs. Tankage, 0.6 Ib..... 125 2.0 370 

Lot VI 
Ground milo, 4.2 lbs. 
Shorts, 2.0 Ibs. Tankage, 0.5 lb. ... 124 nae 390 

Lot VII 
Ground kafir, 4.6 Ibs. 
Shorts, 2.2 lbs. Mankace:0 J6:lben a... 125 1.8 390 

Lot VIII 
Ground sorgho, 4.6 lbs. 
Shorts, 2.2 lbs. Tankage, 0.6 Ib..... 125 17 440 

In both trials corn produced slightly the largest gains and with less 
feed for 100 Ibs. of gain. The difference between corn and kafir or milo 
was more marked when fed with alfalfa hay. When sorgho was fed con- 

siderably more feed was required for 100 Ibs. gain than with kafir or 
milo. On account of its lack of palatability sorgho grain is not particu- 
larly desirable as a hog feed. (241) 

§51. Grain sorghums compared.—At the Kansas Station*® Cochel fed 5 
lots, each of ten 140-lb. pigs, the allowances of grain shown in the table 
for 74 days to compare the value of kafir, milo, feterita, kaoliang, and 
corn. In addition the pigs in each lot were fed 2.3 lbs. of wheat shorts 

and 0.4 lb. of tankage per head daily and had access to alfalfa hay. 

Grain sorghums compared with corn for fattening pigs 
Daily Concentrates for 

Average allowance of grain gain 100 lbs. gain 

Lbs. Lbs. 

Lot f.% Ground kat 4) Qilbsapt se ce ve ease ieye re nerenpene: 1.40 534 
Lotti, iGround miloy47.9 Wbse : eed 2 elaine een cere 1.43 523 
Lot TET, ‘Ground feterita 4 vOulbss ies 8 aie aetna 1.36 549 
Lot lV; Ground kaolianc,4 79 losiexiy s-sie2 se ae ei 1.31 572 
Lot V,. Ground corm, 40s .4: so. geen 1.46 514 

Both kafir and milo produced practically as large gains as corn, and 
with kafir only 4 per ct. and with milo but 2 per ct. more concentrates 
were required for 100 lbs. gain than with corn. Feterita and kaoliang 
were slightly lower in value than kafir and milo, tho producing satis- 
factory gains. In a trial by Wilson at the South Dakota Station,?* when 

°K ansas Industrialist, May 1, 1915. SD bulelLbome 
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fed with alfalfa hay 27 per ct. more kaoliang was required for 100 lbs. 
gain than corn. From these and other trials we may conclude that when 
ground and fed with feeds rich in protein, the value of milo or kafir 
is but 2 to 8 per ct. below that of corn, while the other grain sorghums 
are somewhat less valuable than kafir or milo. 

952. Millet—wWilson and Skinner of the South Dakota Station®® fed 
hog, or broom-corn, millet meal against barley and wheat meal to lots 

of 2 pigs each for 84 days with the results shown in the table: 

Millet meal compared with wheat and barley meal 

Daily gain per head Feed for 100 
Av.wt.at Ist period, 2d period, lbs. gain, 

Average ration beginning 56 days 28 days both periods 

Lbs. Lks. Lbs. Lbs. 

ower, Millet meal, 6.8 lbs... 222... 24.25. 116 1.32 0.76 595 
Pati, Barley meal, 6.2 lbs. ......2.5.2: 125 1.34 1.07 495 
Tonite Wheat meal,8.2 lbs o. 0... 2..5 . 168 Ws il 487 

For the first 8 weeks the pigs fed millet meal gave substantially as 
good returns as those fed barley meal, but during the next 4 weeks they 

made poorer gains. Combining both periods, it required about 20 per 
et. more millet than barley to produce a given gain. Millet meal should 
never be fed alone, but always in combination with some other grain, such 

as corn or barley, or, better, with some protein-rich concentrate, such 
as soybeans, linseed meal, heavy wheat middlings, alfalfa hay, ete. It 
is not so useful for fattening hogs in cold weather as wheat or barley, 
and produces a softer pork than those grains. (243) 

953. Buckwheat.—In a 77-day trial by Robertson at the Ottawa Sta- 
tion,” in which 100-Ib. pigs were fed either ground buckwheat or ground 
wheat soaked 30 hours before feeding, the pigs fed buckwheat gained 1.2 
lbs. per head daily, compared with 0.8 lb. for those fed wheat. However, 

for 100 Ibs. gain the pigs required over 8 per ct. more buckwheat than 
corn. In another trial R. Robertson of the Nappan, Nova Scotia, Ex- 
perimental Farm*® found that buckwheat, fed with skim milk to 85-lb. 
pigs, was a little lower in feeding value than the same weight of wheat 
middlings. Grisdale of the Ottawa Station*! states that buckwheat pro- 
duces a poor quality of bacon. (244) 

954. Pigeon-grass seed.mWestern grain elevators screen great quan- 
tities of pigeon-grass seed from wheat. At the Wisconsin Station** the 
senior author tested its value as a food for swine. Since the pigs refused 
to eat any large quantity of the raw pigeon-grass seed meal, it was cooked, 
after which treatment it was readily consumed. A ration containing 
2 parts cooked pigeon-grass seed meal and 1 part corn meal was found 

to be fully equal to one of corn meal for fattening pigs. A lot fed 1 
part raw pigeon-grass seed meal and 2 parts corn meal gave poorer 

2S. D. Bul. 83. 7}Ottawa Expt. Farms, Bul. 51. 
"Ottawa Expt. Farms, Rpt. 1894. 2Wis. Rpt. 1894. 

®Ottawa Expt. Farms, Rpt. 1901. 
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returns, tho still justifying the use of this weed seed when it can be 

had at low cost or would otherwise be wasted. To be satisfactory for 

pigs, pigeon-grass seed should be both ground and cooked. 
955. Lamb’s quarter or pig weed—Lamb’s quarter, Chenopodium al- 

bum, is a common weed in the wheat fields of Manitoba and the North 

West. In a trial at the Manitoba Experimental Farms* 100 lbs. of 

lamb’s quarter seed screened from wheat was found to be equal to 60 

Ibs. of mixed grain when constituting one-fifth of the ration for pigs. 
956. Garbage.—Garbage, or household waste, may be fed to swine, but 

care must be taken that dishwater containing lye or washing soda, broken 

dishes, ete., which are apt to cause death, be kept apart from the ma- 

terials having food value.** As there is likewise danger of poisons result- 

ing from the decay of the garbage, the material should be thoroly cooked 

in all doubtful cases. 

Minkler®* reports that in New Jersey, especially in the vicinity of Se- 

caucus, thousands of pigs are fattened on garbage collected from New 

York and other cities. In some instances the garbage is fed without 

sorting or any treatment except partial drying. At other plants the 

erease is extracted and skimmed off in rendering vats, and the residue 

carefully sorted. In some eases it is run thru steam digesters, concen- 

trated, and put on the market as garbage tankage, which is used chiefly 

as a fertilizer. In other cases, the residue remaining after the grease 

is removed is thinned with water, elevated to storage tanks, and from 

thence carried by troughs to feeding pens. Here pigs are fed garbage, 

swill, and stale bread as the sole ration. Large gains are not secured, 

but all the income from the pigs is often profit, the grease paying for 

the expense of collecting and treating the garbage and for all labor. 

In a trial with 200-lb. pigs, Minkler secured satisfactory gains with 

such mixtures as corn meal 4 parts, molasses 2 parts, and garbage tank- 

age 9 parts; corn meal 4 parts, skim milk 18 parts, and garbage tank- 

age 9 parts; and corn meal 4 parts, molasses 2 parts, skim milk 18 parts, 

and garbage tankage 9 parts. The garbage tankage was of about the 

same consistency as molasses. At first the pigs refused any feed con- 

taining the garbage tankage, but were gradually accustomed to it. The 

flesh of the pigs fed garbage tankage was firm and of good color. 

Il. NrrroceENous CONCENTRATES 

957. Dairy by-products—Skim milk and buttermilk are ideal feeds for 

swine, especially brood sows and growing pigs. Rich in digestible pro- 

tein and carrying much mineral matter, they should never be fed alone 

but always in combination with such starchy feeds as corn, barley, wheat, 

kafir, milo, emmer, and millet. This combination stands unexcelled for 

producing economical growth and for fattening. Indeed, where skim 

milk or buttermilk is used as a supplement to corn or other cereals, 

%Ottawa Expt. Farms, Rpt. 1902. *N. Y. (Cornell) Bul. 141. SN Cine 40; 
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the gains will usually be shghtly larger than with any other supplement. 
(118) For example, Skinner and Cochel** obtained the following results 
in a 60-day trial with 114-lb. pigs in which skim milk, tankage, wheat 
middlings, linseed meal, and soybean meal were fed as supplements to 
corn meal, about the same amount of protein being fed each lot: 

Skim milk compared with other nitrogenous supplements for pigs 

: Daily Feed for 100 Ibs. gain 
Average ration gain Corn Supplement 

Lbs. Lbs. Lbs. 

Lot I, Skim milk, 9.0 lbs. Com*G20lbs. 202 297 445 
Lot II, Tankage, 0.44 lb. ComyGiGilbs ssn) eleSs 359 24 
Lot IIT, Middlings, 3.6 lbs. Com Glbsy.. 4. 1.97 181 180 
Lot IV, Linseed meal, 0.73 lb. Conn, Gi Nose doce IL 78 333 42 
Lot V, Soybean meal, 0.84 lb. Corn, 5.8 lbs..... lh foe) 321 46 

Large and economical gains were made by all lots, but skim milk 
slightly excelled the other supplements. Dairy by-products are so use- 

ful for pigs that the breeder of pure-bred swine should in many eases 
keep a dairy in order to have the by-products for the sows and their 
young. (266-8) 

It has been emphasized before that skim milk, buttermilk, or whey 
should always be pasteurized at the creamery or cheese factory before 

being returned to the farm, in order to prevent the spread of tuber- 
culosis and other diseases. Swine are especially susceptible to tuber- 
culosis and may contract the disease not only from infected milk, but, 
as Kennedy and Dinsmore found at the Iowa Station,** by following 
tuberculous eattle to work over the droppings. (269) 

958. Skim milk.—That skim milk should not be fed alone is shown in 
an 86-day trial by Beach and Garrigus at the Connecticut (Storrs) Sta- 
tion.*® Pigs averaging 25 lbs. in weight, fed skim milk alone, gained only 
0.72 lb. per head daily and required 2,739 lbs. of milk for 100 lbs. of 
gain. Others which were fed 3.2 lbs. of grain and 12.9 lbs. of skim milk 
per head daily gained 1.38 lbs. and required only 233 Ibs. grain and 
935 Ibs. skim milk for 100 Ibs. gain. 

The value of skim milk when fed with corn or the other cereals has 
been determined at several stations. The following table summarizes 
the results secured in some of these trials: 

Grain value of skim milk for pigs 

Milk required 
to eqval 100 
Ibs. of grain 

Lbs. 

Fjord, Conenhagen (Cenmark) Station, Rot. 1887................. 600 
Grisdale, Ottawa (Causes) bxpt: Parms; Bulasak o aoN. eee er. 604 
rari fel dea Geu bl ES CN Otome arated ss ee ois tyeusuegond ons, ogehs toy sjele Ric tad acca eos) 495 
Soule and Fain, ee Bul. Vol. POR INFO eas dat caseictey Ua cata 476 
The senior author, Wis. ERD UAL SOD ophevis aye. =p codecs oy Mens 2 Cas eet a, 475 

*Ind. Bul. 137. Towa Bul. 107. “Conn. (Storrs) Bul. 39. 
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It is shown that when properly combined with concentrates, from 475 
to 600 lbs. of separator skim milk has a feeding value equal to 100 lbs. 

of corn or other grain. 
Clinton of the New York (Cornell) Station®® recommends that, in 

starting pigs on a ration containing a large quantity of skim milk, care 
be exercised lest at first the pigs be overfed. 

Cooke of the Vermont Station*® found that pigs fed sour skim milk 
were more thrifty than those getting sweet skim milk. According to Day* 

sweet milk is better for very young pigs. (266) 
959. Proper proportion of skim milk to grain.—To determine the proper 

proportion of skim milk to feed with meal to pigs, the senior author con- 
ducted 19 feeding trials at the Wisconsin Station*” in which a total of 
88 pigs, usually weighing 100 lbs. or over, were fed varying amounts of 
skim milk with corn meal. In the following table the results are arranged 
in groups according to the amount of skim milk fed per pound of corn 
meal. The last column shows the amount of skim milk required to save 
100 lbs. of corn meal, assuming that 500 Ibs. of corn meal fed alone would 

have produced 100 lbs. of gain. 

Skim milk and corn meal required for 100 lbs. of gain by pigs 
Feed for 100 lbs. eeu Milk to replace 

Proportion of milk to corn meal Corn Mi 100 lbs. corn 
Lbs. Lbs. Lbs. 

1 lb. corn meal with 1 to 3 Ibs. milk............... 321 585 327 

1 1b. corn meal with 3 to 5 Jbs. milk.............5. 265 1,048 446 

1 lb. corn meal with 5 to 7 Ibs. milk............... 250 1,434 574 

1 Ib. corn meal with 7 to 9 Ibs. milk............... 207 1,616 552 

The table brings out plainly the important fact that skim milk has 

the highest value when not over 3 Ibs. of milk are fed with each 100 lbs. 

of corn meal to pigs weighing 100 lbs. or over. The nutritive ratio of a 

ration of 1 part corn and 8 parts skim milk is 1: 95.2, which is slightly 

too wide for pigs just after weaning. For pigs of this age 4 or 6 parts 

of skim milk to 1 part of corn should be ample. Larger allowances of 

skim milk may be fed than here stated with entirely satisfactory gains 

when a surplus is at hand, but the milk will not then have as high a 

value as when only sufficient is given to balance the ration properly. 

960. Money value of skim milk.—The feeder desirous of knowing the 

money value of skim milk compared with corn at varying prices will gain 

help from the following table, derived from the previous study : 

Money value of 100 lbs. of skim milk 
When 1 lb. of corn meal is fed 

With 1 to 3 With 7 to 9 Average 
Ibs. of milk lbs. of milk of all trials 

Cents Cents Cents 

Corn at $16 per ton or 44.8 cents per bushel....... 24 15 17 

Corn at $18 per ton or 50.4 cents per bushel....... 28 16 19 

Corn at $20 per ton or 56.0 cents per bushel....... 31 18 72) 

Corn at $30 per ton or 84.0 cents per bushel....... 46 27 32. 

#N, Y. (Cornell) Bul. 199. Productive Swine Husbandry, p. 210. 

OVit. DL. 2800 “Wis. Rpt. 1895. 



FEEDS FOR SWINE 599 

The table shows that when corn is worth $16 per ton, or 44.8 cents per 
bu. of 56 lbs., separator skim milk has a value of 24 cents per 100 lbs., 
provided not over 3 lbs. of skim milk is fed with each pound of corn. 
Should the feeder give as much as 7 to 9 lbs. of skim milk with each 
pound of corn, then the milk is worth but 15 cents per 100 lbs. 

The above measures in a general way the value of skim milk when 
combined with corn for fattening pigs. Those familiar with this feed- 
ing stuff and its worth for bone and muscle building know that in many 
cases, especially for young pigs and brood sows, its value is much higher 
than stated. 

A rule by Hoard for finding the money value of skim milk when fed 
to fattening pigs is in substance: 

To find the value of 100 lbs. of skim milk when fed alone, multiply the market 
rice-of live hogs in cents per pound by 5; if fed in combination with corn or 

barley, multiply by 6. 

According to this rule, when live hogs are worth 5 cents per pound, each 
100 lbs. of milk is worth 25 cents when fed alone, and 30 cents when fed 
with corn or barley meal. 

The Gurler rule proposed many years ago is: 

The value of 100 lbs. of skim milk when fed along with corn to fattening hogs 
is half the market price of corn per bushel. 

By this rule, when corn is worth 50 cents per bushel, skim milk is 
worth 25 cents per 100 lbs. for fattening hogs, if combined with corn or 
some other suitable grain. 

961. Whole milk.—On account of the high value of butter fat for 
human food it is not profitable to feed whole milk to pigs. Scheven** 
found that when whole cow’s milk was fed to 12-weeks-old pigs, from 
900 to 1,620 lbs. was required to produce 100 lbs. of gain, the average 
being 1,253 lbs. Linfield concludes from a trial at the Utah Station** 
that whole milk is worth only about twice as much as skim milk for pigs. 
This shows that ordinarily one cannot afford to feed whole cow’s milk 

to pigs. (265) Beach of the Connecticut (Storrs) Station*® has shown 
that cow’s milk rich in fat is far from satisfactory as a feed for young 
pigs. (117) 

962. Buttermilk.—The value of buttermilk and skim milk has been 
compared by Goessmann in a 125-day trial at the Massachusetts Station*® 
and by Wilson in two 62-day trials at the South Dakota Station‘? with 
the results shown in the table: 

Buttermilk vs. skim milk for pigs 
Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Corn Milk 
Lbs. Lbs. Lbs. Lbs. 

Lot I, Buttermilk, 17.1 lbs. Corn, 4.1 lbs... 77 1.67 249 1,026 
Lot II, Skim milk, 17.2 Ibs. Corn, 4.0lbs... 77 1.67 246 1,036 

*Martiny, Die Milch. *Conn. (Storrs) Bul. 31. 47S, D. Bul. 136. 

“Utah Bul. 94. *Mass. Rpt. 1884. 
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The pigs in Lot I, fed buttermilk and corn, made just as large and 
economical gains as those in Lot II, fed skim milk and corn. These trials 
support the general experience that where no water has been added 
buttermilk is fully equal to skim milk for pig feeding. (267) 

963. Whey.—In pig-feeding trials by Day at the Ontario Agricul- 
tural College*® and by the senior author at the Wisconsin Station*® whey 
fed in combination with meal of the mixed grains gave the following 
returns : 

481 Ibs. of mixed grain when fed alone produced 100 lbs. of gain. 
303 lbs. of mixed grain with 1,398 lbs. of whey produced 100 lbs. gain. 

Since 1,398 lbs. of whey saved 178 lbs. of grain, 785 lbs. of whey was 
equal to 100 Ibs. of grain. The whey used in the Wisconsin trials was 

richer in fat than the average. Fjord of the Copenhagen (Denmark) 
Station®® estimates that for swine feeding in Denmark, where the whey 
is poorer than with us, 1,200 lbs. is equal to 100 Ibs. of mixed grain. 
From the above we may conclude that, when properly combined with 

corn and barley meal, 1,000 lbs. of ordinary whey is worth 100 lbs. of 
corn meal for fattening swine. Accordingly, whey is worth about half 

as much as skim milk for pig feeding. 
Day,°*! after studying the relative merits of sweet and sour whey and 

taking into consideration the health of the animals, their gains, and the 
quality of their flesh, states that the first shght fermentation which 
whey undergoes does not seriously detract from its value for pig feed- 

ing. Day? further found that ordinary whey was worth from 25 to 
30 per et. more than separated whey. (268) 

964. Tankage; meat meal.—The value of tankage or meat meal as a 
supplement to corn or other carbonaceous concentrates has been demon- 

strated in trials at many stations and by experience on many farms. 
Rich in protein which is well-balanced in composition (118) and like- 
wise high in calcium and phosphorus, tankage is excelled only by skim 

milk or buttermilk in producing thrifty growth and large gains. Since 
tankage or meat meal for stock feeding is thoroly cooked under pressure 
at a high temperature, there is no danger from spreading disease by its 
use. (270) To illustrate the value of tankage as shown in the trials at 
the various stations there are given in the following table the results of 
2 trials of 127 and 100 days, respectively, in which various proportions 
of tankage were fed as supplements to corn, and 1 trial of 56 days in 
which different amounts of tankage were used as supplements to corn for 

pigs running on alfalfa pasture: 

Ontario Agr. Col., Rpt. 1896. “Ontario Agr. Col., Rpt. 1897. 

Wis. Rpt. 1891. “Ontario Agr. Col., Rpt. 1909. 

°Copenhagen (Denmark) Station, Rpt. 1887. 
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Tankage or meat meal as supplement to corn 

Supple- Feed for 
J ment Initial Daily 100 lbs, 

Average ration fed weight gain gain 

Per ct. Lbs. Lbs. Lbs. 

Indiana Station, 12 pigs, fed 127 days * 
oven i Cormimeal ae oulbstseeris cis etic inven» ake 0 64 0.7 520 
Lot II, Tankage, 0.4 1b. Corn meal,3.9lbs.... 9 66 120 
Lot III, Tankage, 0.7 lb. Corn meal, 3.9 lbs.... 17 65 1 ae 

Towa Station, 48 pigs, fed 100 days t 
ania sor meals Gb) lbse ais. tts fs est hhods 0 135 557 12 
Lot II, Meat meal, 0.8 lb. Corn meal, 7.6 lbs... 9 ily 1.9 451 
Lot IIT, Meat meal, 0.9 lb. Corn meal, 7.3 lbs... 11 140 We aka 
Lot IV, Meat meal, 1.0 lb. Corn meal, 6.7 lbs... 13 136 1.8 486 

Nebraska Station, 30 pigs, fed 56 days t 
oti ya Sosked corm .oy. 2: 1Dse ee eae tee S ohauh 0 145 1.3 . 416 
Lot If, Tankage,0.3 lb. Soaked corn,5.3lbs... 5 144 bay esl 
Lot III, Tankage, 0.6 lb. Soaked corn, 5.0 lbs... 10 144 1.5 366 

*Plumb and VanNorman (Ind. Bul. 90). {Kennedy and Robbins (Iowa Bul. 91). 
{Burnett (Nebr. Bul. 94). 

In the Indiana trial the ration containing 9 per ct. tankage produced 
slightly more economical gains than the one containing 13 per ect. In 
this trial 100 lbs. of tankage, when forming 9 per ct. of the ration, 
replaced 555 Ibs. of corn. In the Iowa trial, with older pigs, the ration 

containing 9 per ct. meat meal produced the largest gains, 100 lbs. of 
the meat meal replacing 359 lbs. of corn. In the Nebraska trial, with 
pigs on alfalfa pasture, 5 per ct. of tankage produced as large gains as 
10 per et., due to the fact that the protein-rich alfalfa largely balanced 

the corn allowance. From these and other trials we may conclude that 

when high grade tankage, carrying 55 per et. of protein or over, is fed as 

the sole supplement to corn to pigs over 100 lbs. in weight, not over 9 
to 10 per ct. is needed to balance the ration. With mature pigs the 
proportion of tankage may be reduced even lower. With young pigs 
soon after weaning it is advisable to feed as high as 20 per et. of tank- 
age, or better, feed 9 to 10 per ect. of tankage and add sufficient lin- 
seed meal, wheat middlings, ete., to provide the proper amount of pro- 
tein for animals of this age. (Appendix Table V) Where a lower grade 
of tankage is fed the amount suppled should be correspondingly in- 
ereased. For pigs fed corn on such protein-rich pasture as alfalfa, 
clover, soybean, cowpea, or rape, 5 per ct. of high grade tankage is 
usually sufficient to balance the ration. (985) 

965. Tankage as sole supplement vs. tankage and shorts.—To determine 
the effectiveness of tankage as the sole supplement to corn, compared 
with both tankage and wheat shorts, Waters, Kinzer, Wheeler, Wright, 
and King** conducted 4 trials, averaging 62 days, at the Kansas Station 

with a total of sixty-three 145-lb. pigs, obtaining the results shown in 
the table: 

SKan. Bul. 192. 
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Tankage alone vs. tankage and shorts as supplements to corn 
Daily Feed for Feed cost of 

Average ration gain 100 lbs. gain 100 lbs. gain* 
Lbs. Lbs. Dellars 

Lot I, Tankage, 0.70 Ib. . Corn, 6.3 Ibs...... 1.44 485 5.20 
Lot II, Tankage, 0.52 lb. 

Shorts, 2.03 lbs. Corn, 4.9 lbs...... 1.60 460 ya rlit 

*Corn at $19, shorts at $24, and tankage at $41 to $45 per ton. 

In each of the 3 trials Lot II, fed both tankage and shorts to supple- 
ment the corn, made slightly the most rapid gains, and, with feeds at 
the prices stated, the cheapest gains in all but 1 of the trials. It seems 
probable that these results are due to the greater variety of proteins 
furnished when both tankage and shorts are fed as supplements to corn. 

966. Tankage vs. linseed meal.—At the Indiana Station’ Skinner and 

Cochel, in 3 trials averaging 57 days, compared tankage and linseed meal 
as supplements to corn meal with a total of 43 pigs, averaging 164 lbs. 
in weight. Since tankage contains almost twice as much digestible crude 

protein as linseed meal, only half as much of the former was fed. 

Tankage compared with linseed meal as supplements to corn 
Daily Total Feed for 100 

Average ration gain gain lbs. gain 
Lbs. Lbs. Lbs. 

Lot I, Corn,6.0lbs. Tankage, 0.3 Ib......... 1.6 94 381 
Lot II, Corn, 5.5 Ibs. Linseed meal, 0.6 lb..... 1.5 89 394 

The table shows that when fed with corn 0.3 lb. tankage produced 
slightly larger and more economical gains for feed consumed than twice 

as much linseed meal. 
967. Tankage for pigs following corn-fed steers—At the Ohio Sta- 

tion®> Carmichael placed one 108-lb. pig with each 2 steers fattening 
on a ration composed mostly of corn. The corn voided by the steers 
was ample for the pigs, not all being consumed. Half of the pigs were 

each given one-third of a pound of tankage daily. The pigs on drop- 
pings alone gained 1 Ib. each daily, and those getting tankage in addition, 

1.5 lbs. For each 100 lbs. of tankage fed, the pigs made 162 lbs. of 

extra gain. 
968. Blood meal vs. skim milk.—In experiments at the Virginia Sta- 

tion®® Quick and Spencer found blood meal and skim milk about equal 
in value as supplements to corn, when fed on the basis of equal pounds 
of protein. Blood meal at $3 per 100 Ibs. was as valuable as skim milk 
at 25 cents per 100 Ibs. It was found necessary to mix blood meal with 
about its own weight of wheat middlings for the pigs to relish it. Day** 
states that since blood meal is a highly concentrated feed it must be 
fed in small amount and with care to avoid injurious results. (271) 

969. Wheat middlings, or shorts—Wheat middlings, or shorts, are one 
of the most popular nitrogenous supplements for pigs. They are rich 
in protein and phosphorus, but are relatively low in calcium. Hence 

“Ind. Bul. 126. “Ohio Cir. 73. “Va. Bul. 176. “Ontario Agr. Col. Rpt. 1905. 
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when middlings are used as the sole supplement to corn for pigs in dry 
lots, it is important to supply additional calcium in the form of ground 
limestone, slaked lime, ete. (927) That it is not economical to feed mid- 
dlings alone to swine is shown in a trial by the senior author®® with 
3 lots, each of 3 pigs, fed the following rations for 6 weeks: 

Wheat middlings alone vs. middlings and corn 
Daily Total Feed for 

Average ration gain gain 100 lbs. gain 

Lbs. Lbs. Lbs. 

Lowes ~Cornmealwaranlbs nes yack ewe uels ule o's 0.8 35 537 
Bowl Wheat middlings, 420Mlbse is. 42... 24. 0.8 32 522 
Lot III, Corn meal and middlings, 3.8 lbs....... 0.9 36 439 

While the pigs fed either corn meal or wheat middlings alone required 
over 500 lbs. of feed for 100 Ibs. of gain, those in Lot ILI, fed equal parts 
of middlings and corn, consumed only 489 lbs. of feed per 100 Ibs. of 

gain. As has been pointed out (965), when both middlings and tank- 
age are fed as supplements to corn, larger gains are generally secured 
than with either middlings or tankage as the sole supplement. In a trial 
by Carroll at the Utah Station®® with 2 lots, each of 6 pigs fed 84 days, 
adding 1 part of tankage to the already fairly well-balanced mixture 

of 6 parts wheat shorts and 5 parts barley did not increase the gains 
sufficiently to prove profitable. Middlings are often useful for mixing 
with other feeds as they make a fine textured, palatable slop. (220) 

970. Wheat shorts vs. tankage.—T'o compare the value of wheat shorts 
and high-grade tankage as supplements to corn, Erf and Wheeler fed 2 
lots, each of ten 128-lb. pigs, the following rations for 45 days at the 

Kansas Station :°° 

Wheat shorts vs. tankage as supplements to corn 
Feed for 100 lbs. gain 

Daily Supple- Feed cost of 
Average ration gain Corn ment 100 Ibs. gain 

Lbs. Lbs. Lbs. Dollars 

Lot I, Shorts, 2.40 lbs. Corn meal, 4.79 lbs. 1.5 319 160 4.95 
Lot II, Tankage, 1.16 Ibs. Corn meal, 5.82 lbs. 1.6 364 73 4.92 

While the pigs fed tankage made slightly the larger. gains, the feed 
eost of 100 Ibs. gain was about the same for both the lots, with corn at 

$19, shorts at $24, and tankage at $40 per ton. 
971. Red dog flour—At the Virginia Station™ 54-lb. pigs were fed 

soaked red dog flour and corn meal, equal parts, for 58 days. They 
gained 1.3 lbs. daily, requiring but 390 Ibs. of the mixture for 100 lbs. 
of gain, while on the same feed given dry 490 lbs. were required. The 
high value of red dog flour when properly fed is here shown. This feed 
serves its highest purpose with quite young pigs, which need a highly 
digestible, palatable feed, containing little fiber. (219) 

Wis. Rpt. 1885. Kan. Bul. 192. 

*®Jnformation to the authors. Va. Bul. 167. 
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972. Wheat bran; wheat mixed feed.—Bran is too bulky a feed to be 
fed in any large amount to fattening pigs, for which middlings or shorts 
are far preferable. Where clover or alfalfa hay, roots, or other cheaper 

bulky feeds are not available, a limited amount of wheat bran is help- 
ful in adding nutriment and volume to the otherwise meager ration 
usualiy given brood sows and shotes not being fed for gain. At the 
Maine Station® Jordan found wheat middlings twice as valuable as 
wheat bran for fattening pigs, and at the Copenhagen (Denmark) Sta- 
tion®* bran gave unsatisfactory results when fed alone to pigs. (218) 

At the Kentucky Station®t Good obtained satisfactory results with a 

good grade of wheat mixed feed (shipstuff) which contained all the mid- 
dlings, when fed with an equal weight of corn meal to fattening pigs. 
(221) 

973. Linseed meal.—The value of this feed compared with tankage as 
a supplement to carbonaceous feeds has already been discussed. (966) 

The value of linseed meal compared with other protein-rich concen- 
trates is further shown in a trial by Forbes at the Missouri Station®™ 
in which 6 lots, each of 5 pigs averaging 93 lbs., were fed for 90 days 

on corn meal supplemented with the feeds shown in the table: 

Linseed meal compared with other nitrogenous concentrates 
Average Daily Feed for 

Supplement fed with each 100 Ibs. of corn ration gain 100 lbs. gain 
Lbs. Lbs. Lbs. 

Lot Jf, Winseed mieal,:20 lbs..2. .2.)......:ue.:. es ce ses 6.4 1.4 445 
Cor ehh Wheat middlings tO0}lbst es. ere see eee ae Dez 1.0 502 
Lotto, Wheatimiddlings50)lbs- 2-2-1 weerss sees secre 5.0 1.0 518 
Lot IV, Linseed meal, 10 lbs. Germ oil meal, 10 lbs.... 5.5 1.2 A476 
Lot V, Linseed meal, 10 Ibs. Gluten meal, 10 lbs...... 5.6 1.2 483 
Lot VI, Linseed meal, 10 lbs. Gluten feed, 10 lbs. ..... 5.9 13 452 

Lot I, fed linseed meal as the sole supplement to corn meal, made the 

largest and most economical gains. The lots fed middlings and corn 
required from 13 to 16 per ct. more concentrates for 100 lbs. gain than 

those fed linseed meal and corn. When germ oil meal, gluten meal, or 
gluten feed was substituted for half the linseed meal, the rate of gain 
was lowered and the amount of grain required for 100 Ibs. gain in- 
ereased. Gluten feed proved slightly more valuable than gluten meal 
or germ oil meal. Forbes writes that the pork from pigs fed linseed 
meal was characterized by hard, white fat. As large an allowance of 

linseed meal as is necessary to balance a ration of corn or other cereals 

is often rather unpalatable to pigs. Hence many feeders prefer to feed 
less linseed meal and a small allowance of other supplements, such as 

skim milk, tankage, or middlings. A small allowance of linseed meal is 

often highly beneficial, especially with brood sows before farrowing, on 
account of its slightly laxative effect. Because of its mucilaginous nature 
linseed meal makes a slop of uniform, creamy consistency. (254) 

“’Me. Rpt. 1889. “Ky. Bul. 175. 

*% Copenhagen (Denmark) Station, Rpt. 1892. Mo. Bul. 67. 
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974. Cottonseed meal.aAs now prepared, cottonseed meal is poisonous 
to swine. All the various proposed ways for safely feeding this meal 
have failed under careful and continued tests. Pigs thrive at first on 
the meal, but usually in from 4 to 6 weeks some die—not all, as a rule,— 
but so many that all possible profits from the use of this feed are lost. 
A. few feeders continue to use the meal, experience enabling them to avoid 
most of the losses. If cottonseed meal is not fed continuously for over 
40 days and does not form over one-fourth of the ration, and if the pigs 
are freely supplied with green forage or grazed on pasture, the risk 
from this feed is slight. It is considered safe to have pigs follow steers 
which are being fed cottonseed meal, for the meal does not seem to be 
poisonous after passing thru the cattle. Care should always be taken 
that the steers do not throw so much meal out of the feed boxes that the 
pigs may be poisoned by eating such waste meal. (249) 

975. Field peas——These leguminous seeds, rich in protein, are well 
suited to supplement corn and the other carbonaceous grains. While 
trials®® have shown that peas alone produce fair gains, larger and much 

cheaper gains are secured when only sufficient of this rich feed is used 
to balance the ration properly. According to Grisdale,” pigs fed solely 
on pea meal in dry lots do not thrive. 

Cottrell®* reports that in the San Luis valley, Colorado, field peas are 
grown on irrigated land and the vines allowed to mature and cure on 
the ground. Pigs are then turned into the fields to fatten on the peas 

‘alone, an acre of good peas producing about 400 lbs. of gain. Sometimes 
the unthreshed vines, after being stacked, are fed to pigs in yards, an 
acre of good peas producing from 600 to 800 lbs. of gain. Pork from 
pigs so fattened is firm, sweet, and tender, with a delicious flavor. Cot- 

trell recommends feeding barley, wheat, potatoes, or roots once a day 
to pigs foraging on peas. (261) 

976. Cull beans.—Cull table beans are satisfactory for swine when 

thoroly cooked and fed with carbonaceous feeds. At the Michigan Sta- 
tion®® in 3 trials of from 56 to 70 days with 26 pigs, averaging 160 lbs., 
Shaw and Anderson found that pigs fed equal parts of cooked cull beans 
‘and corn meal made average gains of 1.5 lbs. per head daily, requiring 
406 lbs. of feed for 100 lbs. of gain. Pigs fed beans alone made daily 
gains of only 1.1 lbs. and required 421 lbs. of beans for 100 lbs. gain. 
Salt should always be added to the water in which the beans are cooked. 
When beans are fed alone or in excess they produce a soft pork lacking 
in quality. (263) 

977. Soybeans.—Soybeans, rich in protein, are a valuable supplement 
for corn or other grains. In the following table are summarized the 
results of 5 trials, averaging 70 days, in which soybeans have been com- 
pared with tankage as a supplement to corn. 

*® Wis. Rpt. 1902; S. D. Bul. 38. sColo. Bul. 146. 

Ottawa Expt. Farms, Bul. 51. ® Mich. Bul. 243. 
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Soybeans vs. tankage as supplements to corn 
Initial Daily Feed for 

Average ration weight gain 100 lbs. gain 
Lbs. Lbs. Lbs. 

Lot I, total of 37 pigs * 
Soybeans;.0-90:Jb. ‘Corm,4.7,lbs.nacee oeeee bees 110 1.37 409 

Lot If, total of 83 pigs * 
Tankage; 0,63by,*Corm, sp slrlbs) eo" leet corns 109 1.46 382 
*Average of 1 trial by Erf and Wheeler (Kan. Bul. 192),2 by Good (Ky. Bul. 175), 1 by Skinner 

(Ind. Bul. 108), and 1 by Skinner and Cochel (Ind. Bul. 137). 

Lot I, fed soybeans and corn, made entirely satisfactory gains, only 
slightly smaller than Lot II, fed tankage and corn. In these trials 0.90 

lb. of soybeans per head daily was nearly as effective in supplementing 
the corn allowance as was 0.63 lb. of tankage. 

In each of 2 trials by Skinner and Cochel*® at the Indiana Station 

pigs fed soybeans and corn made slightly larger gains and required 

slightly less feed for 100 lbs. gain than others fed linseed meal and 
corn. When fed in too large amount soybeans produce soft pork, dark 
and dull in color. At the Wisconsin Station’? Humphrey found that 
when 1 part of soybeans and 2 parts of corn were fed to pigs receiving 
skim milk, soybeans were worth 10 per ct. more than wheat middlings, 

so far as gains were concerned. However, when this proportion of soy- 

beans was fed the pork was less firm and the grain of the meat and the 
distribution of fat and lean less satisfactory than with pigs fed mid- 
dlings, corn, and milk. Soybeans are commonly ground for pigs. (256) 

978. Cowpeas.—In the South cowpeas are of great importance in eco- ' 
nomical pork production. The seed may be used as a supplement to corn 

or other carbonaceous feeds, or the pigs may be turned into the field to 
harvest the crop when the pods are well matured. (990) The following 

table presents the results of 3 trials in which the value of cowpeas and 
corn for pigs has been compared : 

Cowpeas for fattening pigs 

Initial Daily Feed for 100 
weight gaia lbs. gain 

Average ration 

Duggar, Ala. Bul. 82 Lbs. Lbs. Lbs. 
Lot Dis ©- Corns 2 so dst: ante ane seen ron ones cnet eae 58 On5 487 
Lots, \Cowpeds, ZESMbSe ime sce ae ocd ene kas 60 0.6 481 
Lotdd T.i@ornl 4 loss: «Cowpedsyit.4 wos 4. nseece tee 62 0.6 433 

Duggar, Ala. Bul. 143 
Bote, (Comms Bed dbs eesti vcs yoke ieee eee 63 O37 478 
Lot di, Com;1; 7lbs., -Cowpeas 119 Ibs: 2.2 ieee 67 0.9 395 

Newman and Pickett, S. C. Bul. 52 
Lott, Cort, 9:20 bss a8 tase at ee oe eee: 156 1.4 602 
Lot Il, ‘Ground cowpeas)61,7 lbsiietae an jane eee ees 160 bal 491 

In the Alabama trials cowpeas and corn were practically equal in feed- 
ing value when fed separately, but a mixture of both proved more satis- 

factory than either alone, as would be expected from the composition of 

"Ind. Buls. 126, 137. "Wis. Rpt. 1905. 
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these feeds. The South Carolina test was decidedly in favor of the cow- 
peas. (262) 

979. Peanut.—This leguminous plant is of great and increasing im- 

portance in the South for the feeding of swine. Pigs are commonly 
turned into the fields to do their own harvesting, as is pointed out 
later (991), or the peanut cake or meal resulting from the manufacture 
of peanut oil may be used as supplements to carbonaceous feeds. If 
pigs are fattened on peanuts alone soft pork is produced, but this may 
be overcome by feeding them corn for the last part of the finishing 

period. (258) 
980. Rice by-products.—To compare the value of rice meal and corn 

meal, Lindsey divided a litter of six 10-weeks-old pigs into 2 lots and 
fed them for 92 days at the Massachusetts Station.’* The pigs in one 
lot were fed 3.1 lbs. of rice meal and 13.0 lbs. of skim milk and those in 
the other an equal weight of corn meal with the same amount of skim 
milk. The 2 lots made the same gains, showing that rice meal was equal 

to corn meal. At the South Carolina Station** Conner found rice meal 
slightly superior to corn meal when fed with skim milk. 

Dvorachek fed 8 lots, each of five 140-lb. pigs, the rations shown in 

the table for 63 days at the Arkansas Station,’* to determine the value 
of rice bran and rice polish compared with corn chop: 

Rice bran and rice polish vs. corn for pigs 
Daily Feed for 100 

Average ration gain lbs. gain 

Lbs. Lbs. 

Lot TMC OLDS Gaels sryvyernceslossioue ct slsie-cydtcge = do eve chokes meals 1.30 476 
Ot PUPP RACH DLAN Ol e2slOSycstayals sists Sieear hhons tiem ele Cho ond ahr 1.46 423 
ote MIP ERICES POSH) Ho lOS =e a. ctaieistoy ahah pete ais aeete eine 1.63 358 
Lot IV, Corn, 2.1 lbs. Rice bran, 2.1 lbs. 

RGD Olt, Bal ios. 56oo0ne0e 
Lot WaRicelbranyo ls lbsa.. Rice polish. llbsss sannen ae. 
Lot VI, Rice bran, 4.1 lbs. Rice polish, 2.1 lbs........... 
Lot VII, Rice bran, 1.9 lbs. Rice polish, 3.9 lbs........... 
Lot VIII, Rice bran, 1.6 lbs. Rice polish, 4.6 lbs........... et et Re Re 

(or) w [@)) os} 

This table shows the high value of rice bran and rice polish for pigs. 
Lot IV, fed equal parts corn chop, rice bran, and rice polish, and Lot 
VIII, fed 1 part rice bran and 3 parts rice polish, made the largest gains, 
and Lots III and VIII required the smallest amount of feed for 100 lbs. 
of gain. Dvorachek concludes that 100 Ibs. of rice polish is equal to 133 
Ibs. of corn, and that 100 lbs. of rice bran is equal to 112 Ibs. of corn. 
Duggar secured similar results at the Alabama Station,” finding 127 
Ibs. of rice polish equal to 100 lbs. of corn meal. (234) 

981. Miscellaneous nitrogenous concentrates.—Dried distillers’ grains 
are not relished by pigs when fed as the sole concentrate allowance, and, 
moreover, are too bulky a feed to be supplied in large amounts to fatten- 
ing pigs. However, they give good results when fed as a supplement 

@Mass. Rpt. 1897. “Information to the authors. © 

BS. C.. Bul. 55. wee ® Ala. Bul. 122. 
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to corn or the other cereals, as is shown in a trial by Good and Smith 

at the Kentucky Station.“ Four lots of 10 to 15 pigs each, averaging 
69 lbs., were fed as shown in the table for 73 days, all lots except Lot 
IV running on rape and oats or rape pasture: 

Dried distillers’ grains for fattening pigs 
. Concentrates 

Average ration Daily for 100 Ibs. 
gain gain 

Lbs. Lbs. 

Lot I, Dried distillers’ grains, 1.7 lbs. Pasture... ........ 0.46 368 
Hot fh Corn mealiros2 lose Pastures seis el serene 0.93 344 
Lot IIIT, Corn meal, 2.6 lbs. 

Dried distillers’ grains, 0.51 lb. Pasture............ 1.03 300 
Lot IV, Corn meal, 3.3 lbs. Dried distillers’ grains, 0.66 lb.. 0.88 444 

When fed as the sole concentrate to pigs on pasture, dried distillers’ 
grains were much inferior to corn. However, a mixture of 1 part dis- 

tillers’ grains and 5 parts corn produced larger and more economical 
gains than corn alone. Lot I could not be induced to eat more than 1.7 

Ibs. of distillers’ grains per head daily. Lots II and III, however, would 
have eaten even larger allowances of concentrates than shown in the 

table but were restricted so as to make more use of the pasture. (282) 
Distillery slop may be fed to pigs with good results, when concen- 

trates such as corn and the other cereals are supplied in addition, as the 
slop is too watery to be fed alone. 

Gluten meal and gluten feed, as has been shown before (973), give 

satisfactory results when fed with corn and some other supplement, such 
as linseed meal. It is not advisable, however, to use these corn by- 

products as the sole supplement to corn for pigs in the dry lot, for the 
pigs would then receive only corn protein, which, as we have seen (201), 

is somewhat unbalanced in composition. Watson at the New York (Cor- 
nell) Station’? found a mixture of 1 part gluten meal and 4 parts corn 
meal 7 per ct. more valuable than wheat meal when both were fed with 
skim milk. (210-1) 

III. Forace Crops, PASTURE, AND OTHER SUCCULENT FEED; Hay 

982. Value of forage crops and pasture.—Thru the use of suitable forage 
and pasture crops, pork may be produced at a much lower cost than 
where pigs are maintained in dry lots on expensive concentrates alone. 
Spring pigs will thrive amazingly on good pasture supplemented by a 
limited allowance of concentrates and if not finished by the close of the 

pasture season will be in condition to make most economical gains in 
the dry lot. Not only do pigs at pasture make cheaper gains, but the 
succulent feed and the exercise they obtain are important aids in keep- 
ing them thrifty and in good health. When pigs are fed in dry lots it 

is difficult to save the manure unless they are confined closely, and thus 

*Ky. Bul. 190. ™N. Y. (Cornell) Bul. 89.. 
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often much fertility is wasted. With pigs at pasture the manure is uni- 
formly distributed on the fields. By the use of forage crops thruout the 
growing season and legume hay during the winter the cost of maintain- 
ing brood sows may be materially reduced. Tho pasturage is of prime 
value for pigs in all sections of the country, it is especially important in 
the southern states, where, by a well-selected rotation of pastures, green 
feed may be furnished thruout nearly the entire year. 

As Evvard of the Iowa Station*® writes: An ideal forage for hogs 
should show: 1. adaptability to local soil and climate; 2. palatability ; 
3. a heavy yield of digestible nutrients, being high in protein and min- 
eral matter, especially calcium and phosphorus, and low in crude fiber ; 
4. succulence; 5. long pasturing season; 6. ability to endure grazing; 
7. permanency ; 8. reasonable cost and ease of seeding; 9. capability of 
furnishing quick pasture at any time during the growing season. ‘‘ These 
essentials are not found in any single forage, but alfalfa, the clovers, 

and rape have most of them.’’ (109) 
983. Amount of grain to feed on pasture.—Owing to the high price of 

concentrates it is important to determine the minimum amount which 
should be fed to pigs on pasture for satisfactory results. It is never 
profitable to force young pigs to subsist on pasture alone. At the Utah,” 
New Mexico,*° Mississippi,*t and Oklahoma*? Stations alfalfa pasture 
proved little more than a maintenance ration for growing pigs. At the 
Kentucky Station®** Good found that 63-lb. pigs did not maintain their 
weight on good rye pasture, and 82-lb. pigs barely held their own on 
mixed clover and bluegrass pasture. Good states that full-grown brood 
sows, in thin condition and not suckling pigs, will take on flesh when 
grazing good pasture without grain. Snyder reports that during a 

trial of 70 days at the North Platte, Nebraska, Substation®* mature hogs, 
thin in flesh, gained about 0.5 Ib. daily on alfalfa pasture without grain. 

At the Utah Station® a series of trials extending over 12 years was 
conducted, chiefly by Linfield, to determine the most profitable amount 
of grain to feed to pigs on pasture, which was principally alfalfa. The 
results of the trials, which were with pigs weighing 60 to 75 lbs. at the 
start, are summarized in the following table: 

Amount of grain to feed pigs on pasture 
No. of Daily Grain for 100 
pigs gain lbs. gain 

Lbs. Lbs. 

ULM OTAIMErabGNy AN PENS «Sts c) 6 ete clei eats on oe 2 74 0.9 484 
Hulerammationyon pasture a... .4aqee 2. ee aoe 20 1 G24 413 
Three-fourths grain ration, on pasture........... 17 1.0 383 
One-half grain ration, on pasture............... 16 0.7 304 
One-fourth grain ration, on pasture............. 10 0.5 247 
BSStUre Online omen Chak Sintec aek oie heise 19 0.2 Ay 
Greenvalfalia onlysinipenss «=. 5 2 hes siete ke 2 —0.3 

*Towa Bul. 136. °N. M. Bul. 90. Okla. Rpt. 1899. “Nebr. Bul. 99. 

"Utah Bul. 94. ‘Miss. Rpt. 1905. “Ky. Bul. 175. “Utah Bul. 94. 
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We learn that the pigs on a full grain ration in pens gained 0.9 Ib. 

each daily and required 484 lbs. of grain for 100 lbs. of gain, while 
those getting a full grain ration on pasture gained 1.2 lbs. each daily, 
pasturage effecting a saving of about 15 per ct. in the grain required 
to produce 100 lbs. gain. The pastured pigs getting a limited grain 
ration ate less grain for each 100 lbs. of gain than when fed a full grain 
ration, but also made smaller daily gains, the fattening period being 

thereby lengthened. If the full grain ration on pasture would have 

fattened pigs in 100 days, the quarter grain ration would have required 

245 days. 
Linfield states** that pigs fed a limited grain ration on pasture, when 

later put on full feed, made rapid gains at slightly less cost than those 
fed a full ration from the start. Hence, for growing pigs to be fattened 
later, a restricted grain ration on pasture is economical. 

984. Alfalfa pasture——Wherever it thrives alfalfa is the best per- 
manent pasture crop for pigs, since there is no danger from bloat, as with 
cattle and sheep. (840) Alfalfa provides pasturage during a longer 
season than almost any other single crop, starting early in the spring 
and remaining green and succulent in late summer when bluegrass has 

dried up and even clover is often somewhat hard and woody. Since 
heavy pasturing of alfalfa is injurious to the stand, the number of pigs 
should be restricted and the plants allowed to grow up, being cut for 

hay 2 or 3 times a year. In tests at the Iowa Station by Evvard and 
Kennedy’? in which pigs were fed corn and tankage on alfalfa pasture 

the alfalfa produced 623 to 865 lbs. of pork per acre, after deducting 
the gains to be credited to the concentrates fed, and without crediting 
the alfalfa with the hay cut from the pasture. In one trial an acre of 
alfalfa carried an average of over 16 spring pigs for 180 days, producing 
1.05 lbs. of gain per head daily. With corn at $0.50 per bushel and 
tankage at $50 per ton, the concentrates fed cost only $2.88 per 100 Ibs. 

of gain. 
The most profitable amount of grain to feed pigs on alfalfa pasture 

will depend on the age of the pigs, the abundance of forage, and the 

relative cost of concentrates and pasture. At the North Platte, Neb- 
raska, Substation®’’ Snyder grazed 3 lots of 47-lb. pigs on alfalfa pasture 

during each of 2 summers. One lot received a light, the second a 

medium, and the third a full allowance of shelled corn. The combined 
results of the trials, lasting 98 and 119 days, respectively, are averaged 

below: 

Light, medium, and heavy corn feeding on alfalfa pasture 
Daily Corn for 100 

Daily allowance of corn gain lbs. gain 

Lbs. Lbs. 

Lot’ I; Shelled ‘corn,i0'.5 Tosa. sie 2 eee Sieve ai nas te 0.4 128 
Lot's ET, Shelled corn, 11 Ibsine ce ees ees aoe 0.5 221 
Lot, JIJ, Shelled corn, 2.6 Ibss:. 222 ..5.. 25 se Bedi wuieban surg Nien 0.8 331 

*Utah Bul. 94. Towa Bul. 136. Nebr. Bul. 99. 
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It is shown that Lot I, fed a light grain allowance on alfalfa pasture, 
required only 39 per et. as much grain for 100 lbs. gain as Lot III, fed 
a full corn allowance. Lot III, however, made twice as rapid gains as 
Lot I. Snyder concludes that a light grain allowance on alfalfa pasture 
is not economical for growing pigs unless alfalfa is abundant, grain 
high in price, and market conditions warrant holding the pigs. It is 
usually more profitable to feed 2 lbs. or more of corn per 100 lbs. of pigs 
than to feed a lighter ration. From trials at the New Mexico Station®® 
Foster and Simpson conclude that in their section, where concentrates 
are high in price, pigs with abundant alfalfa pasture make the most 
economical gains when fed only about 1 lb. of grain daily per 100 lbs. 
live weight. 

985. Feeding a supplement with corn on alfalfa pasture.—Pigs fed corn 
alone on alfalfa pasture make fairly satisfactory gains, since the alfalfa 
goes far toward balancing the corn allowance. More rapid gains are, 
however, secured when some nitrogenous concentrate is fed in addition. 
This is shown in the following table which summarizes the results of 3 
trials, averaging 71 days, by Waters, Kinzer, Wright, and King®® at the 
Kansas Station in which one lot of pigs was given a full allowance of 
ground corn on alfalfa pasture while another lot was fed a mixture of 
62 per et. corn, 30 per ct. wheat shorts, and 8 per ect. tankage in addition 
to the pasture: 

Feeding supplement in addition to corn and alfalfa pasture 
Concentrates 

Initial Daily for 100 lbs. 
Average ration weight gain gain 

Lbs. Lbs. Lbs. 

hay Hy Comm S343 Nosh “IRSA ood cemaoboonasecoodL 81 0.85 439 
Lot II, Corn, shorts, and tankage, 5.4 Ibs. Pasture.. 80 1.49 358 

The pigs fed shorts and tankage consumed more feed than those fed 
only corn in addition to alfalfa pasture, made much larger gains, and 
required 18 per ct. less concentrates for 100 lbs. gain. Since the ration 
is partly balanced by the alfalfa, not as much additional supplement is 
required as with corn in the dry lot. For pigs over 100 lbs. in weight, 
fed corn on alfalfa pasture, 5 per ct. of high grade tankage or other 
concentrates furnishing an equivalent amount of digestible protein, will 
produce about as large and usually more economical gains than a larger 
proportion. (964) 

986. Clover pasture.—In the northern and central states red clover is 
one of the most valuable pasture crops for pigs. Carmichael and East- 
wood rank 4 forage crops tested at the Ohio Station®™ as follows, in the 
order of their efficiency: red clover, rape, soybeans, bluegrass. In Mis- 
souri, Mumford and Weaver’? found it inferior only to alfalfa, and in 
Iowa, Evvard®* found it surpassed only by alfalfa and rape. Since 

°'N. M. Bul. 90. * Ohio Bul. 242. * Towa Bul. 136. 

“Kan. Bul. 192. Mo. Bul. 110. 
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early pasturing may kill clover, pigs should not be turned on until it 
has made a good growth. Clover does not furnish as constant a supply 
of succulent feed as does alfalfa, tending to become woody late in the 
summer, but clipping will aid in inducing a new growth. (348) On soils 
too wet or too acid for red clover, alsike clover may be grown. (3850) 
Especially in the southeastern states crimson clover, sown as a winter 
annual, furnishes valuable spring pasture for pigs. (358) 

987. Sweet clover.—On soils not well adapted to alfalfa or red clover, 
sweet clover may often be used to advantage as a pasture for pigs. The 
first year’s growth is best suited to pigs, as it is less coarse and woody. 
To encourage the growth of new shoots the crop should be pastured 
reasonably close and the tall growth clipped with a mower. (352) 

988. Field peas for pasture.—In the northern states field peas, sown 

either alone or with oats or oats and rape, are a most satisfactory summer 
forage crop for pigs. The extensive use of field peas in certain valleys 

of the West has already been mentioned. (975) At the Wyoming Sta- 
tion,** Faville found that an acre of fair field pea pasture grazed by 
fattening pigs saved 2,344 lbs. of mixed grain. Ashby and Monroe 
report that at the Washington Station®® an acre of oats and peas grazed 
by pigs netted $39.90 after paying for supplemental feeds and the cost 
of producing the crop. They state that pigs should be turned in when 

the earliest pods are ripe and should not be allowed to graze over the 
whole field, but should be confined to small plots by temporary fences 

or hurdles. (355) 
989. Soybean pasture.—In the North the soybean is surpassed by 

alfalfa, clover, rape, and field peas, except perhaps on light, sandy soil 
where the soybean may produce a larger crop. In the South, however, 

the soybean is one of the best allies of the pork producer. The high 
value of this legume is shown in the following table which summarizes 
the results of 3 trials by Gray, Ridgeway, and Eudaly, at the Alabama 

Station.°® In these trials lots each of four to five 45-lb. pigs, carrying 
some improved blood, but no better than the average pigs of the district, 
were fed as indicated for periods of 42 to 81 days: 

Value of soybeans for southern pork production 
Feed for 100 Feed cost 

Daily lbs. gain of 100 Ibs. 
Average ration gain Corn Pasture gain* 

Lbs. Lbs. Acres Dollars 

Lot I, Cornmeal, 0.75 lb. Soybean pasture 1.10 68  0:218 2.59 
Lot II, Corn meal, 1.39 lbs. Soybean pasture 1.01 1388 0.204 3.36 
Lot III, Corn meal, 2.33 Ibs. Soybean pasture 1.33 175 0.123 3.17 
Lot TV, Cornmeal, 2:.28:lbs:~ cic... « «<0 ee O2SGn , GOON errs. 7.61 

*Corn, $0.70 per bu. and soybean pasture $8 per acre. 

The table shows that where soybean pasture was used pork was made 
for less than half of what it cost when corn was used alone. During the 
first few weeks of the grazing period, when the pigs ate no part of the 

“Wyo. Rpt. 19138. ® Wash. Pop. Bul. 63. *® Ala. Bul. 154. 
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plants except the leaves, as the beans were not yet formed, good gains 
were made when the pasture was supplemented by corn. During the last 
few weeks the animals ate nothing but the beans which had fallen from 
the plants. Excellent gains were made during this time. The amount 
of corn to feed on soybean pasture will depend on the amount of corn 
on hand to dispose of, the amount of available pasture, and the length 
of time in which the animals should be fattened.. When prices are low 
it may be wise to simply carry the hogs along on pasture plus a light 
grain ration or no grain ration at all until the prices advance. Since 
a large allowance of soybeans tends to produce soft pork, the greater the 
amount of corn which is fed the harder the meat will be at the end of 
the grazing period. Soybeans are often grown with corn and the com- 
bined crop hogged down. (358) 

990. Cowpea pasture.—Especially on poorer soils in the southern states 
the cowpea is an important forage crop for swine, as it flourishes where 
other legumes will not produce good crops. In a 60-day trial by Gray, 

Summers, and Shook®* in Alabama with 3 lots, each of five 53-lb. pigs, 
the following results were secured: 

Jowpea pasture for fattening pigs 
Daily Feed for 100 lbs. gain 

Average ration gain Concentrates Pasture 

Lbs. Lbs. Acres 

Lot J, Corn, 2.62 lbs. Tankage,0.29lb.......*« 0.54 540 
Lot II, Corn, 1.39 lbs. 

Tankage, 0.16 Ib. Cowpea pasture....... 0.97 159 0.78 
Lot IIIT, Corn, 1.56 lbs. Cowpea pasture....... 0.90 173 0.83 

The pigs on cowpea pasture gained nearly twice as fast as those fed 
corn and tankage without pasturage. The pigs were grazed on a good 
crop of cowpeas from August 12 to September 16, but from this date 

to November 5 they were grazed on a field in which there was only half 
a normal crop, hence the large area of pasture required per 100 lbs. of 

gain. On land suited to soybeans they excel cowpeas for pigs on account 
of the larger production of seed. Like soybeans, cowpeas and corn are 
frequently hogged down. (357) 

991. Velvet bean pasture—To determine the value of velvet bean 
pasture for pigs, Gray, Summers, and Shook*®® turned a lot of five 62-lb. 
grade pigs into a field where velvet beans had been grown with corn, 
but the corn crop already removed. In addition the pigs were given a 
half ration of corn meal 9 parts, and tankage 1 part, while another lot 
was fed corn and tankage in a dry lot. During 72 days the pigs foraging 
the velvet beans gained 1.23 lbs. per head daily, requiring 0.38 acre of 
beans and only 170 lbs. of concentrates for 100 lbs. gain. The pigs in 
the dry lot gained but 0.84 lb. and consumed 400 lbs. concentrates for 
100 lbs. gain. An acre of velvet beans, raised in a corn field, thus re-. 
placed over 600 lbs. of concentrates. Velvet beans in the pod may also 

"Ala. Bul. 168. *Ala. Bul. 168. 
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be fed to pigs as a supplement to corn or other grain. The pigs will not 
eat the pods, but become expert in shelling out the beans.*® (3861) 

992. Rape pasture—Over the greater part of the northern United 
States rape 1s unsurpassed as an annual forage crop for swine. As it 
may be sown both early and late in the season, forage may be provided 
at any desired time. The best yields are usually obtained with spring 
seeding and if the crop is not pastured too closely growth will continue 
until fall. According to Evvard of the Iowa Station,1°° the pigs should 
not be turned on the rape till it is 10 to 14 inches high and when it is 
pastured down to 4 or 5 leaves to the plant the animals should be trans- 
ferred to another plot to give the crop a chance to recuperate. The 
value of rape pasture for pigs is well shown in the following summary 
of 6 trials, lasting 80 to 190 days, in which one lot of spring pigs was 

pastured on rape and another on alfalfa, both being fed concentrates in 
addition : 

Rape vs. alfalfa pasture for pigs 
Concentrates 

Daily for 100 Ips. 
Average ration gain gain 

Lbs. Lbs. 

Lot I,* Concentrates, 3.7 Ibs. Rape pasture............... 1.08 340 
Lot II,* Concentrates, 3.8 lbs. Alfalfa pasture............. ie 344 

*Average of 3 trials by Evvard (Iowa Bul. 136, Proc. Am. Soc. Anim. Prod. 1913), 1 by Otis (Kan. 
Bul. 99), and 2 by Waters, Kinzer, Wheeler, and King (Kan. Bul. 192). 

The pigs on rape pasture made practically as large gains as those on 

alfalfa pasture and required even less concentrates for 100 lbs. gain. 
Where alfalfa thrives it surpasses rape, not because it results in larger 
gain, but because it will usually carry more pigs per acre and does not 
need to be reseeded each year. In 2 of the Kansas trials an acre of 
alfalfa pasture carried twice as many pigs thruout the season as did 
an acre of rape. In 2 of the Iowa trials, however, rape produced more 

pork per acre than did alfalfa. Evvard'™ finds that the portion of the 
rape plant eaten by pigs is nearly as rich in protein, on the dry matter 

basis, as is alfalfa, and that pigs fed corn on rape pasture do not need 
the addition of more than 5 per ct. of tankage, or an equivalent amount 
of other supplement, to the corn allowance. Pigs with light colored skin 
or thin hair may be blistered by running in rape when the dew is on, 
but this may be obviated by keeping them off the fields at such times. 

Rape is often grown in combination with oats or oats and field peas 
for pig pasture. From trials at the Missouri Station’®? Mumford and 
Weaver rank rape and oats next to alfalfa and red clover among several 
forage crops tested. At the Wisconsin Station’ Carlyle found rape 
fully equal to red clover pasture, an acre of rape grazed by pigs 4 to 
10 months old replacing 2,486 Ibs. of mixed corn meal and wheat shorts. 
At the Oregon Station’** an acre of rape pasture with no grain pro- 

"Scott, Fla. Bul. 113. 11Towa Bul. 136. 3 Wis. Rpt. 1901. 

Towa Bul. 136. 12Mo. Bul. 110. *Ore. Bul. 89. 
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duced 154 lbs. of gain with pigs. Grisdale of the Ottawa Experimental 
Farms'” pastured 60 pigs that finally reached an average weight of 185 
Ibs. each, on 1.5 acres of rape, feeding in addition thereto about 500 lbs. 
of grain to each pig. Rape is an excellent winter forage crop for the 
South. In 2 trials at the Alabama Station’°® Gray, Summers, and Shook 
found that pigs, weighing from 45 to 60 lbs., fed a half allowance of 
corn and either shorts or tankage on rape pasture for 116 to 147 days 
during the winter, made an average daily gain of 0.70 lb. and required 

0.14 aere of rape and only 273 lbs. of concentrates for 100 lbs. of gain. 
(381) 

993. Grasses and cereals for pasture—Among the permanent grasses 
bluegrass provides the best pasture thruout the northern states. As blue- 
grass makes little growth during the summer, other crops should be pro- 
vided for this season, the bluegrass being relied on for grazing in spring 

and early summer and in early fall. With pigs fed corn on bluegrass, 
a somewhat larger allowance of nitrogenous supplement is needed than 
on legume or rape pasture, tho very young bluegrass is fairly rich in 
protein. (810-11) In the South, Bermuda grass furnishes the best per- 
manent grass pasture for pigs. (320) 

For fall and early spring pasture in the North and for pasture from 
late fall thruout the winter and spring in the South, the cereals are 
unexcelled. Good of the Kentucky Station’ has found that green rye, 
wheat, or oats when 5 to 8 inches high are even richer than alfalfa, 
clover, soybeans, or cowpeas in protein. Hence the cereals at this stage 
are really nitrogenous pastures, and go far toward supplementing corn. 
Good conducted 3 trials, averaging 117 days, to determine the value of 
giving a small allowance of tankage or soybeans to 49-lb. pigs fed corn 
on rye pasture during the winter and spring, securing the results shown 
in the table: 

Feeding supplement with corn to pigs on rye pasture 
Concentrates 

. Daily for 100 lbs. 
Average concentrate allowance gain gain 

Lbs. Lbs. 

OD IPR © OTT Boe OND Sie eee ies croc tS ate etait cat odiel ueveualionacecct 0.74 397 
Lob il] Com, 2;.8 lbs. Supplement, '0-39) Ib... 3.........- 0.92 345 

The pigs fed a small amount of supplement with the corn made larger 
and more economical gains than those fed only corn on the rye pasture. 

During the periods when the pasture is covered by snow it is especially 

advantageous to feed a supplement with the corn. In the southern states, 
winter rye or oats will furnish most satisfactory pasture for pigs thruout 
the entire winter, greatly decreasing the cost of maintaining brood sows 
and raising fall pigs. (318) 

994. Hogging down ripe grain.—Ripe grain,usually rye, bald barley, 

or wheat, is frequently hogged down, the pigs being turned into the field 

Ottawa Expt. Farms, Bul. 51. Ala. Bul. 168. eae eho? lira. 
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when the erop is nearly ripe. This practice is especially common in the 

grain districts of the Pacific Northwest, where the summers are dry. 
Uunter of the United States Department of Agriculture’®® reports that 

in eastern Washington 109 pigs having access to an acre of pasture 
hogged down 7.2 acres of standing wheat, and gave a net return of 
#15.73 per acre. The net return from wheat alongside, harvested and 
threshed, was only $8.04 per acre. In 5 trials by Mumford and Weaver 
at the Missouri Station?®’ ripe rye hogged down produced an average 
of 212 lbs. of pork per acre, after deducting the additional grain fed. 
In a trial by Evvard at the Iowa Station™® 1 crop of rye yielding 41 
bushels per acre was worth only $18.56 an acre when hogged down by 
pigs fed meat meal in addition, the pigs making poor gains. Later when 

hogging down corn the same pigs made most satisfactory gains. It seems 
doubtful whether it is usually profitable to hog down the small grains 
in the humid districts, when labor ean be secured to harvest the crop. 
As we have seen (942), hogging down corn is a most successful practice. 

995. Gleaning stubble fields—Especially on the grain farms of the 
West stubble fields are an important factor in economical pork produc- 
tion. Where the grain is harvested by means of a header a consider- 
able amount is left ungarnered and was formerly wasted. Now many 
farmers are hog fencing their fields and turning pigs on the stubble to 
glean the scattered heads of grain. Gains made on such waste are almost 

clear profit. 
996. Sorghum; Japanese cane.—Sorghum is too high in fiber to excel 

as a pasture for young pigs, tho it is useful in the South for providing 
sueculence when other crops are not available. For older pigs it gives 
somewhat better results,** supplied in addition to a fair allowance of 
grain. (309) 

Scott found at the Florida Station’! that Japanese cane fed alone 
would not maintain young pigs. As suecculence with grain this forage 
should have about the same value as sorghum. (823) 

997. Soilage.—It is not ordinarily profitable to cut and haul green 
crops to pigs, for they can better do their own harvesting. To deter- 
mine the value of soilage as a supplement to corn, Waters fed 4 lots, 

each of six 48-lb. pigs, the rations shown in the table for 102 days at 
the Missouri Station.‘** The fresh-cut green forage was fed twice daily. 

Various soilage crops compared 
Daily Feed for 100 Ibs. gain 

Average ration gain Concentrates Soilage 

, Lbs. Lbs. Lbs. 

Lot I, Middlings, 1.4 Ibs. Corn meal, 2.1 lbs.... 0.7 518 te 
Lot JI, Green alfalfa, 0.8 lb. Corn meal, 3.3 lbs. 0.8 401 91 
Lot IIT, Green clover, 0.7 Ib. Corn meal, 3.3 lbs... 0.8 435 93 
Lot IV, Green bluegrass, 0.7 Ib. Corn meal, 3.4 lbs. 0.6 531 113 

‘SU. S. Dept. Agr., Farmers’ Bul. 599. Mo. Bul. 110. ‘°Jowa Bul. 136. 

‘1Gray, Duggar, and Ridgeway, Ala. Bul. 148; Scott, Fla. Bul. 118. 

"Hla. Bul. 113. Mo. Bul. 79. 
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The pigs fed green alfalfa or clover made larger gains than those fed 
middlings and corn meal, 78 lbs. of green alfalfa or 112 lbs. of green 
clover saving 100 lbs. of concentrates. Bluegrass was a poor supplement 
to corn. (418-22) 

998. Roots.—We have seen in previous chapters that for dairy cattle, 
beef cattle, and sheep, silage from corn or the sorghums provides about 
as satisfactory succulent feed as do roots, and at a much lower cost over 

the greater part of our country. (366, 638-40, 784, 866) With the pig 
however, silage will not replace roots, for the digestive apparatus of this 

animal is not adapted to utilize large amounts of such coarse and fibrous 

feed. Since roots have a high value for pigs, with the high prices now 

ruling for concentrates large numbers of farmers can profitably grow 
roots for winter succulence for their pigs. Roots not only add variety 

to the ration, but reduce the amount of concentrates required, and aid 
in maintaining the health of the animals. On account of their slightly 

laxative effect and their bulkiness, roots are especially valuable for brood 
sows in winter. Danish farmers grow no Indian corn, and yet by means 

of waste products of the dairy, purchased feeding stuffs, and root crops, 
mostly beets, they lead the world in the production of pork, both as to 
quantity and quality. 

The value of roots for fattening pigs is shown in the following table, 
summarizing the results of 8 trials, averaging 88 days, in which concen- 
trates alone were fed to one lot of pigs, while another lot was fed roots 
in addition to the same concentrates: 

Value of roots for fattening pigs 
Initial Daily Feed for 100 Ibs. gain 

Average ration weight gain Concentrates Roots 

Lbs. Lbs. Lbs. Lbs. 

Lot I, total of 38 pigs* 
Goncentravesy OL WOSew iy eens ied ees aces 90 11 499 

Lot II, total of 88 pigs* 
Concentrates, 3.6 lbs. Roots, 5.6 lbs........ 87 1.0 358 631 

*Average of 1 trial by Clark (Utah Bul. 101), 1 by Lazenby (Ohio Rpt., 1884), 2 by Plumb (Ind. Buls. 
79, 82), A by F Robertson (Ottawa Expt. Farms, Rpt. 1891), 2 by Sanborn (Utah Rpt. 1891), and 1 by Shaw 
(Mont. ul. 27 7). 

As shown in the table, the value of adding roots to the ration for 
fattening pigs, lies not in any increase in the rate of gain, but in lessen- 
ing the amount of concentrates required for 100 lbs. gain. In these 
trials only 448 lbs. of roots was required to save 100 lbs. of concen- 

trates. This is a higher value than we would expect from the amount 
of dry matter they contain, for 100 lbs. of corn contains as much dry 
matter as 546 lbs. of sugar beets, which are the richest of the common 
root crops. The high value of roots is undoubtedly due to their bene- 
ficial effect on the digestive tract. For young pigs roots are especially 
valuable, as they tend to growth rather than fattening. Indeed, in 
finishing pigs the allowance of roots should be restricted, or the desired 
finish will not be secured. TALE it: 
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Root crops may be economically gathered by turning pigs in to graze 
the field. At the Michigan Station,'’* Shaw turned pigs receiving one- 
third of a normal grain ration into a beet field to do their own foraging 
and found that 1 acre of sugar beets produced 716 lbs. and 1 acre of 
half sugar beets and half mangels 792 lbs. of gain. In the South root 
crops may be used with advantage as forage for pigs during the winter. 

Tho it is not wise to force pigs to live on roots alone, it is of interest 
to note that Buffum and Griffith of the Colorado Station’ found that 
sugar beets, fed alone, rather more than maintained pigs. As high as 
25 lbs. per day of mangels have been fed to dry sows or those not far 
advanced in pregnancy, the allowance being decreased and the meal ra- 
tion somewhat increased as pregnancy advanced. 

999. Comparison of root crops—The Danish (Copenhagen) Experi- 
ment Station,!?® in trials with 204 pigs fed whole or sliced roots in 
combination with skim milk, whey, and grain, found that 1 lb. of ground 

barley was equal in feeding value to: 
Dry matter Sugar 

7.5 lbs. mangel beets containing........ 11.0 per ct. 6.7 per ct. 
6.5 lbs. mangel beets containing........ 13 .6 per ct. 8.9 per ct. 
5.0 Ibs. fodder beets containing........ 16 .5 per ct. 10.9 per ct. 
4.0 lbs. sugar beets containing........ 21.2 per ct. 14.0 per ct. 

Thus it is shown that 7.5 Ibs. of mangels or 4 lbs. of sugar beets are 
as useful in pig feeding as 1 lb. of ground barley, when all are combined 
with dairy waste products. Carrots proved as valuable as beets when 

measured by the dry substance contained. Since roots are almost wholly 
digestible their relative feeding value depends upon the total dry matter 

they contain, rather than the variety or kind. According to Day,'™ 
sugar beets not only possess the highest feeding value per ton, but are 
also most readily eaten by pigs. He states that hogs prefer mangels 

to carrots. (367-72) 
1000. Sugar beets; beet pulp; molasses——At the Utah Station'’® Clark 

fed sugar beets, wet beet pulp, and beet molasses in combination with 

wheat shorts to 4 lots of 180-lb. pigs for 48 days with the results shown 

below: 
Sugar beets, beet pulp, and beet molasses fed to pigs 

Feed for 100 lbs. gain 

Daily Beets or 
Average ration gain Shorts beet pulp Mclasges 

Lbs. Lbs. Lbs. Lbs. 

Lot I 
liven: (Odi lee ae poiowe ue tictalns oat e 1% 444 

Lot II 
Shorts, 3.2 lbs. Sugar beets, 8.3 lbs... 1.2 268 697 

Lot ITI 
Shorts, 3.3 lbs. Beet pulp, 12.3 lbs.... 1.2 275 1,030 

Lot IV 
Shorts, 3.0 lbs. Beet pulp, 9.4 Ibs. 

Beet molasses, 4.4 lbs. 1.6 186 600 281 

14Mich. Bul. 238. 47Productive Swine Husbandry, p. 206. 

“5Colo. Bul. 74. “Utah Bul. 101. 
16Copenhagen (Denmark) Station, Rpt. 1892. 
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The table shows that while the shorts-fed pigs gained 1.7 lbs. each 
daily, those fed a half allowance of shorts with sugar beets or beet pulp 
additional gained 1.2 lbs. each daily. In this trial 609 lbs. of wet beet 
pulp or 396 lbs. of sugar beets replaced 100 lbs. of wheat shorts. (274) 
Shorts, beet pulp, and beet molasses combined produced nearly as large 
gains as shorts alone. One hundred lbs. of beet molasses saved 32 lbs. 
of shorts and 153 lbs. of beet pulp. All the pork was of good quality 
except that from the molasses-fed pigs, which had a peculiar unsavory 
taste. (276) 

Overfeeding with beet molasses causes pigs to scour. In a trial at 
the New York (Cornell) Station, after feeding five 87-lb. pigs a ration 
of 1.6 lbs. corn meal, 2.4 lbs. sugar-beet molasses, and 4 lbs. milk for 3 

days, 2 pigs died suddenly. The molasses was then withdrawn from 

the ration, but the remaining pigs did not thrive, doubtless due to the 
effects of the molasses. 

1001. Potatoes.—In two trials by the senior author at the Wisconsin 
Station??® potatoes were cooked in an open kettle, using as little water 
as possible, and corn meal added to form a thick mush which was eaten 
by pigs with great relish. Corn meal wet with water was fed to a second 
lot for comparison. The results were as follows: 

440 Ibs. of corn meal, fed alone, produced 100 Ibs. of gain. 
262 lbs. of corn meal with 786 lbs. of potatoes, weighed before cooking, produced 

100 Ibs. of gain. 

From this we learn that 786 lbs. of potatoes, when fed to pigs after 
being cooked, effected a saving of 178 lbs. of corn meal, 442 lbs. of po- 
tatoes taking the place of 100 Ibs. of corn meal. 

At the Copenhagen (Denmark) Station?*? Fjord found 400 lbs. of 
cooked potatoes equal to 100 Ibs. of mixed grains for swine. 

Potter of the Oregon Station”? reports that when steamed potatoes were 
fed with barley at the rate of 3 to 6 lbs. of potatoes to 1 lb. of barley, 
it took only 340 to 381 lbs. of potatoes to replace 100 lbs. of grain. To 
replace 100 lbs. of barley 552 lbs. of raw potatoes were required. Gris- 
dale of the Ottawa Experimental Farms’** reports that raw potatoes 

alone will scarcely maintain life in pigs, but given in small quantities 
they help to keep them in health when other succulent feed is lacking. 
(374) Potatoes should be cooked for pigs, and fed with concentrates. 

1002. Artichokes.—French of the Oregon Station’** placed pigs in a 
field of artichokes, estimated to yield 740 bu. per acre. As the pigs 
made little gain on the tubers alone, a small allowance of mixed wheat 
and oats was supplied in addition, about 310 lbs. of mixed grain being 
then required to produce 100 lbs. of gain. In this case the artichokes 
saved from 150 to 200 lbs. of grain for each 100 lbs. of gain made. 

uN, Y. (Cornell) Bul. 199. 22Breeder’s Gaz., 63, 1912, p. 896. 

»Lowis. Rpt. 1890. 23QOttawa Expt. Farms, Bul. 57. 

21 Copenhagen (Denmark) Station, Rpt. 1890. **Ore. Bul. 54. 
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Sweitzer of the Missouri Station'*® rates artichokes equal to potatoes 
for pig feeding. Grisdale of the Ottawa Experimental Farms'*® found 
artichokes economical and slightly more valuable than potatoes. Altho 
long grown in a small way and often extolled, no extended feeding trials 
have yet been made with artichokes, nor does their use by feeders seem 
to increase. (875) 

1008. Pumpkins; squashes.—Rommel,!?7 summarizing the findings of 
3 stations, reports that 273 Ibs. of grain, together with 376 lbs. of raw 
pumpkins, gave 100 Ibs. of gain with fattening pigs. When cooked it 
required 1,150 lbs. of pumpkins and 222 of grain for 100 lbs. of gain. 
From these data we may conclude that cooking is of no advantage with 
this vegetable. As has been pointed out before (883), the seeds should 

not be removed before feeding pumpkins as they are rich in nutrients. 
Feeding an undue allowance of seeds would, however, tend to cause di- 

gestive disturbance, on account of their richness. 
Cottrell of the Colorado Station?** states that some Colorado stock- 

men fatten hogs exclusively on raw squashes. They report favorable 
returns per acre, with meat of good flavor but having an undesirable 
yellow color. 

1004. Sweet potatoes.—Dodson of the Louisiana Station!?® recommends 
sweet potatoes as the best root crop for pigs for fall and early winter 
grazing on the cut-over pine lands of the South. Sweet potatoes planted 
in June and early July are ready for feeding by the middle of October. 
Since the tubers are low in protein, pigs grazing sweet potatoes should 

be given such nitrogenous feeds as soybeans or cowpeas. Dodson states 
that an acre of sweet potatoes should carry 8 to 10 year-old pigs for 
60 days, when they are given a limited concentrate allowance in addition. 
Duggar of the Alabama Station,1*° allowing pigs to harvest sweet po- 
tatoes at will, secured 100 lbs. of gain by feeding 313 Ibs. of grain 
additional, thereby saving about 200 lbs. of grain for each 100 Ibs. of 
increase while fattening. (376) 

1005. Peanuts.—lor the season in the fall when they are available pea- 
nuts provide one of the best forage crops for pigs in the South. Their 
value is shown in a trial by Gray, Summers, and Shook at the Alabama 

Station,*+ in which 3 lots, each of six 60-lb. pigs, were fed for 96 days 
as shown in the table: 

Peanuts as a forage crop for pigs in the South 
Daily Feed for 100 Ibs. gain 

Average ration gain Concentrates Pasture 
Lbs. Lbs. cres 

Lot “4, Beanut pasture onlyas. eae eie ee 1.00 nia 0.22 
Lot Ii,.Corn, 1.7 lbs. , Peanut pasture... sivas 1.25 134 0.18 
Lot IIT, Corn, 1.6 lbs. Tankage,0.4 1b. Pasture. 1.42 139 0.13 

The pigs on peanut pasture without other feed made fair gains but 

Mo. Bul 29, *8Colo. Bul. 146. Ala. Bul. 122. 

2%Ottawa Expt. Farms, Bul. 51. ”°La. Bul. 124. 131 Ala. Bul. 168. 

271]. S. Dept. Agr., Bur. Anim. Indus., Bul. 47. 



FEEDS FOR SWINE 621 

were not fat enough for market at the close of the trial, while Lots II 
and III were well finished. Compared with another lot fed corn and 
tankage in a dry lot, an acre of peanut pasture saved 2,390 lbs. of con- 
centrates. Lot I, grazing peanuts alone, made 454 lbs. of gain per acre 
of peanuts. Much higher returns than this are sometimes secured, a 
field at the Arkansas Station yielding at the rate of 1,252 lbs. of pork 

per acre. Since peanuts tend to make soft pork, pigs should be finished 
on such feeds as corn for at least 2 to 3 weeks after grazing peanuts. 
Peanuts can be grazed during only a relatively short season, for after 

a time the nuts will sprout or rot if left in the ground, especially in wet 
weather. (258, 362) 

1006. Chufas.—Like artichokes, the small tubers of the chufa remain 
in the ground uninjured all winter. Chufas grow best on light, sandy 
soils, producing 100 to 150 bushels per acre. Duggar of the Alabama 
Station**? hurdled young pigs on a chufa field, giving them corn and 
cowpea meal additional. The average of 2 trials showed that, after due 
allowance was made for the grain fed, the chufas produced pork at the 
rate of 307 lbs., worth over $15 per acre. (377) 

1007. Cassava.—Conner of the Florida Station’®* found that pigs fed 
cassava alone or equal parts of cassava and sweet potatoes did not main- 
tain their weight. When fed with shorts cassava produced fair gains. 
Larger returns can generally be secured from other crops for pigs than 
from cassava. (378) 

1008. Silage——May of the Kentucky Station**+ found that hogs re- 

ceiving shelled corn and corn-and-soybean silage made larger gains than 
those fed shelled corn alone, 100 lbs. of silage equaling 22 lbs. of corn 
in feeding value. The pigs first picked out the grain in the silage and 
then chewed the remainder, tho swallowing but little of it. At the 

Ottawa Experimental Farms'®® clover and alfalfa silage invariably 
proved useful, and corn silage was fairly well eaten. The addition of 
some dry meal to the silage caused it to be eaten quite readily. Clover, 
alfalfa, or other legume hay should generally prove more satisfactory 

than silage of any kind. Silage from the corn plant is both too woody 
and too low in digestible matter to serve with any satisfaction as a feed 
for swine that are being properly maintained. If shotes and breeding 

stock live on a limited allowance of rich concentrates alone, they will 
suffer for lack of proper bulk in the ration. For such pigs, silage, and 
even corn silage, will be helpful in distending the digestive tract. 

1009. The legume hays.—With the prices of feeding stuffs ruling high, 
the swine feeder must make the largest possible use of alfalfa, clover, 
vetch, cowpea, soybean, and other legume pasture in summer, and in win- 

ter feed freely of specially cured hay from the legumes in order to have 

healthy animals and to keep down the cost of production. The finer 
parts of clover and alfalfa hay, especially the first cutting of clover and 

12 Ala, Bul. 122. Skye Bull Ode 

Fla. Bul. 90. **Ottawa Expt. Farms, Bul. 51. 
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the last cutting of alfalfa, are often as valuable for feeding pigs as is 

the same weight of expensive wheat middlings. The southern planter 

has a specially choice list of equally valuable legumes in the cowpea, soy- 

bean, velvet bean, peanut, ete. Legume hay may be fed to pigs from 

slatted racks or from boxes with openings low on the sides from which 

the animals can eat at will. The legume hays not only furnish pro- 

tein, so essential for building all the lean meat tissues and the organs of 
the body, but they also carry much calcium (lime), which is needed in 
bone building. They are therefore doubly useful in supplementing Indian 
corn and the other cereals, which are rather poor in both protein and 

ealecium. 
1010. Alfalfa hay.—Leafy, bright alfalfa hay is the best of all legume 

hays for the pig. Not only is this hay useful for brood sows and stock 
pigs but it is a cheap and fairly efficient supplement to corn or the other 

cereals for fattening pigs. The value of alfalfa hay for fattening pigs 
is shown in the following table, which summarizes the results of 3 trials, 

averaging 103 days in length, by Snyder at the North Platte, Nebraska, 

Substation,!** with pigs averaging 133 lbs. in weight: 

Alfalfa hay for fattening pigs 
Corn for Feed cost 

Daily 100 lbs. of 100 lbs. 
Feed given gain gain gain* 

Lbs. Lbs. Dollars 

Lot, 1, Comimlone ca vce es + acres eee 1.27 506 4.25 
Lot II, Corn and long alfalfa hay inrack......... 1.50 436 3.78 
Lot III, Corn 90, and chopped alfalfa hay 10 per ct. 1.46 433 3.87 
Lot IV, Corn 75, and chopped alfalfa hay 25 per ct. 1.12 431 4.33 
Lot V, Corn 75, and alfalfa meal 25 per ct........ 1.27 399 4.35 

*Corn at $0.47 per bushel; long alfalfa hay at $8, chopped alfalfa hay at $10, and alfalfa meal at $15 

per ton. 

In these trials the pigs in Lot I, fed ground corn alone, made better 

gains than is usual on this unbalanced ration, due to the fact that they 

had been well-grown on alfalfa pasture. The pigs in Lot II, supplied 

long alfalfa hay in racks in addition to corn, gained 0.23 lb. more per 

head daily than those in Lot I and made the largest and the cheapest 

gains of all lots. Chopping the hay by passing it thru a feed cutter 

or grinding it to a meal did not produce more rapid gains, but increased © 

the cost. When the proportion of cut alfalfa hay or alfalfa meal was 

increased to 25 per ct. the gains were smaller and more expensive. In 

trials at the Kansas Station,!®7 Kinzer and Wheeler likewise found that 

erinding alfalfa hay to meal did not result in larger gains by fattening 

pigs. 
While fattening cattle and sheep will consume enough alfalfa hay to 

make a fairly well balanced ration with corn, the fattening pig has not 

this capacity for roughage and hence will not consume enough hay to 

balance his ration sufficiently to produce maximum gains. This is shown 
in 4 trials by Waters, Kinzer, and colleagues at the Kansas Station*’* 

1%6Nebr. Bul. 124. “uTKan. Bul. 192. Kan. Bul. 192. 
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with a total of 192 pigs, in which one lot was fed corn with alfalfa hay 
in racks while another was fed corn and tankage. The results of the 

trials, which averaged 65 days, are summarized in the table: 

Alfalfa hay vs. tankage as supplements to corn 
Initial Daily Feed for 100 lbs. gain 

Average ration weight gain Concentrates Hay 

Lbs. Lbs. Lbs. Lbs. 

Lot I, Corn, 6.5 lbs. Alfalfa hay, 1.2 lbs. 154° 1.13 587 95 
Lot II, Corn, 6.6 lbs. Tankage,0.9lb.... 153 1.58 477 

Lot II, fed tankage and corn, made considerably larger gains than 

Lot I, fed alfalfa hay as the sole supplement to corn. With corn at 

$19, alfalfa hay at $8, and tankage at $41 to $45 per ton, in each trial 
the gains of Lot I were more expensive than where tankage was used 

as the supplement. 
Whether to use alfalfa hay or purchased concentrates to balance the 

ration of the fattening pig will depend on the relative price of these 
feeds. With corn and barley at $20, tankage at $40, and alfalfa hay at 
$5 per ton, Morton of the Colorado Station'*® found alfalfa a much more 
economical supplement than tankage. In one trial by Snyder at the 
North Platte, Nebraska, Substation,'*° fattening pigs made cheaper gains 

and returned more profit on corn and alfalfa hay than on corn and 5 
per ct. of tankage, while in another trial the results were reversed. Sny- 
der points out that alfalfa hay is most efficient as a supplement in fine 
winter weather when the pigs have good appetites for the hay and corn. 
In unfavorable weather or when the pigs are out of condition the use of 
some nitrogenous concentrate, like tankage, linseed meal, or shorts, aids 
in stimulating the appetite and hence results in larger gains. (339, 1013) 

1011. Clover hay.—In 2 trials with 90-lb. pigs at the Montana Sta- 
tion! Linfield found that pigs fed 4.9 lbs. per head daily of a mixture 

of 2 parts ground barley and 1 part wheat bran gained 0.9 lb. per head 
daily, requiring 529 lbs. of concentrates for 100 lbs. of gain. Other lots 
fed the same concentrate allowance with 1 lb. of clover hay per head daily 
made an average daily gain of 1 lb. and required 487 lbs. of concen- 
trates and 101 lbs. of hay for 100 Ibs. of gain. In these trials 100 lbs. 
of clover hay was equal to 42 Ibs. of mixed barley and bran. (347) 

%°Colo. Bul. 188. “40Nebr. Bul. 147. “1 Vfont. Bul. 57. 



CHAPTER XXXV 

FEED AND CARE OF SWINE 

Tho the synonym for filthiness, no other animal serving man will, if 
given a chance, so well keep its abode in order as the pig. He will in- 

dustriously gather dried grass, leaves, ete., and form them into a bed 
which he will not foul. The floor where his corn is thrown will remain 
clean if he has half a chance to show his manners. When he wallows in 
the mire or rubs on the oiler it is with a wisdom that knows whereof 
it acts. 

He is excelled only by the cow in economy of converting the gross 

products of the farm into edible products for man. Garbage, vegetable 
and other waste, green forage, and grain are all voraciously consumed 
and quickly and economically converted into meat. So swift is his 

eareer that he usually breaks into life with the spring flowers, plays the 
gormand in summer, and yields his unctuous body a sacrifice to men’s 

necessities with the dropping of the leaves in fall. The pig is the poor 
man’s reliance and the opulent farmer’s gold mine. Of all domestic 

animals he is the most prolific, and his possibilities in multiplying are 
the delight of the city man in his eestatie dreams of land owning and 
raising his meager investment in a single mother pig to the nth power 
thru her precocious progeny. 

i012. Summer care of swine.—During summer all swine, including 
brood sows and boars, should live in the open air on fresh, uncontam- 

inated soil in order to escape intestinal parasites and other ailments. 
Grazing on succulent pastures with a reasonable allowance of concen- 
trates additional, they will develop bone, muscle and constitution along 
with a vigorous, roomy, digestive tract. Shade and running water, 
preferably supplied from a well, or, if from a spring or brook, safeguarded 
from contamination, are essential in pastures. Artificial wallows, made 
of cement, that hold a few inches of water, will not spread disease, afford 
much comfort, and are a paying proposition when many pigs are kept. 

Tho even mature pigs can barely subsist on grass pasture, good pas- 

ture, such as alfalfa, clover, or rape, somewhat more than sustains life 
and so leaves for producing increase all the extra feed which may be 
supplied. In addition to pasture, sufficient concentrates should be fed to 
keep the pigs thrifty and gaining, but in no case so abundantly as to 
make them lazy and shiftless, for pigs, if heavily fed, forage little, but 
lie idly in the shade. Observation will soon determine the quantity of 
feed which will keep pigs gaining normally while actively foraging to 
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appease their hunger. With animals on such protein-rich pasture as 
that furnished by the legumes and rape, the concentrates may be mostly 
carbonaceous in character, such as corn, wheat, barley, kafir, and milo, 
with enough skim milk, tankage, wheat middlings, linseed meal, or other 
protein-rich concentrates to balance the ration. (918, 964) 

Boars and brood sows of the larger breeds should reach a weight of 
about 250 lbs. at one year of age if rightly fed and managed. The feed 
and care of the boar does not differ from that of the sow. Too often 
both are closely confined in filthy quarters, away from the wholesome 
earth, without opportunity for exercise or foraging. 

1013. Winter feed and care.—Breeding stock and shotes should not be 

heavily fed during winter lest they grow too fat. If rich concentrates 
only are given and the animals not overfed, the feed allowance will not 
have enough volume or bulk to distend the stomach and intestines prop- 
erly, and this leaves the animals unsatisfied, restless, and quarrelsome. 
To correct this trouble and because such feed is both cheap and whole- 
some, all such hogs should be daily fed some fine, well-cured legume hay 
or some roots, or better, both hay and roots. If, unfortunately, neither is 
available, then bran and oats, tho more costly, will be helpful in giving 
bulk to the ration. The concentrates fed to stock hogs should always be 
given as a thin, watery slop with the chill taken off, to help distend the 
digestive tract at meal time. 

Pigs that do not otherwise get exercise in winter should be provided 
with a feeding floor, covered, if possible, and kept clean, on which shelled 
corn and whole oats are scattered thinly so as to force them to pick up 
a grain at a time. Here too can be placed racks holding legume hay. 
In this. way pigs may be kept out of their beds and on their feet for 
hours at a time getting air and exercise. Young breeding stock and 
shotes should gain from half to three-fourths of a pound daily in winter, 
the supply of feed being regulated to that end. 

It is highly important that the ration of the brood sow furnish ample 
protein and mineral matter for the proper nourishment of her body and 
the development of the unborn young. Trials by Evvard of the lowa 
Station, which are summarized in the following table, show the folly of 
feeding brood sows corn alone. In one trial a lot of 5 gilts was fed 3.6 
lbs. of ear corn alone per head daily, while other lots were fed ear corn and 
meat meal; ear corn and a mixture of oats, wheat bran, wheat middlings, 
and linseed meal; shelled corn with cut clover hay and molasses; ear corn 

and clover hay; and ear corn and alfalfa hay. In a similar trial with 4 
lots, each of 10 yearling sows, one lot was fed ear corn alone, and the 

other lots ear corn supplemented by meat meal, linseed meal, or alfalfa 
hay. In the table all weights of ear corn are reduced to a shelled corn 
basis. 

1Proc. Am. Soc. Anim. Prod., 1913. 
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Corn requires supplement for brood sows 
; Average Proportion 

Daily weight of strong 
Average ration gain of pigs pigs 

Lbs. Lbs. Per ct. 

Gilts, & in each lot 
7, Warcorn;.o OG lbdais wc ace e a ae enmeinenio es 0.35 74 68 

IT, Ear corn, 3.2 lbs. Meat meal, 0.13 Ib...:...... 0.58 01 93 
ITI, Ear corn, 2.8 lbs. Meat meal, 0.43 Ib.......... 0.62 23 93 
IV, Ear corn, 2.7 lbs. Mixture (oats 3, bran 3, mid- 

dlings 38, linseed meal 2 parts), 1.1 Ibs......... 0.35 84 83 
V, Shelled corn, 3.8 Ibs. Cut clover and molasses, 

LGM See aro deen cas ere ecules REE ia savas 0.58 19 86 
VI, Ear corn, 3.7 lbs. Clover hay in rack, 0.30 1b.. 0.53 

VII, Ear corn, 3.7 Ibs. Alfalfa hay in rack 1.1 lbs.... 0.63 
Yearling sows, 10 in each lot 

I; Har corn,5 50: lbsis «cin ote tee esd dors ae emenas se. . 0.59 85 41 
IT, Kar corn, 4.1 lbs. Meat meal, 0.50 Ib.......... 0.78 42 85 

ITI, Ear corn, 4.1 lbs. Linsezd meal, 1.1 Ibs........ 0.67 22 76 
FPNNe wp pp eS NNR 

— ie) nse 

IV, Ear corn, 5.0 lbs. Alfalfa hay in rack, 0.27 lb.. 0.64 

Both the gilts and the yearling sows fed corn alone farrowed pigs 
lighter in weight and less vigorous than when the ration was properly 
balanced. Lot IV of the yearling sows ate so little alfalfa hay that it 
was insufficient to balance the corn allowance, as is shown by the weight 
of the pigs farrowed and the low percentage of strong pigs. The gilts 
fed clover or alfalfa hay made good gains and farrowed large, strong 
pigs. 

In 4 trials at the North Platte, Nebraska, Substation? Snyder found 
that 340-lb. brood sows could be earried thru the winter satisfactorily 
on 1.1 lbs. of shelled corn daily per 100 lbs. live weight with alfalfa hay 
supplied in racks, the sows eating 0.70 lb. per head daily. The cost of 
wintering for these sows was less than when a mixture of half ground 
corn and half chopped alfalfa was fed. 

1014. The brood sow.—The age at which to breed young sows will 
naturally depend somewhat on the growth they have made. Seldom is 
it advisable to breed them until they are 8 months old, and many breeders 
prefer to wait until they are 10 to 12 months old. Whether to raise 1 
or 2 litters a year should be determined from local conditions, consider- 
ing the winter climate and the feeds available. Where winters are long 
and severe and the sows and pigs can not be given the best of feed and 
care, it is best not to attempt to raise 2 litters a year. Under the proper 
conditions, especially where dairy by-products are available, 2 litters a 
year can be raised successfully even in the northern portion of the coun- 
try, the spring pigs coming in March or April and the fall pigs in Sep- 
tember or early October. 

According to Coburn,’ young sows earry their pigs from 100 to 108 
days and old ones from 112 to 115, the average for all being 112 days. 

Likely sows that are kindly mothers should be retained for breeders 
as long as 5 or 6 years if possible. Iddings of the Idaho Station* found 

*Nebr. Bul. 147. 8Swine in America. 4Breeder’s Gaz., 64, 1913, p. 241. 
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that gilts bred at 8 months averaged 7.7 pigs per litter; sows 24 months 
old averaged 9.6 pigs; and aged sows 10.6 pigs per litter. Carlyle’ 
found that 4- and 5-yr.-old sows bore 9 pigs to the litter on the average, 
the litter weighing 26 lbs., while 1-yr.-old sows averaged less than 8 pigs, 
weighing but 15 lbs. From the records of 1,477 pure-bred sows of 8 
breeds Rommel® found that on an average there were 9 pigs to the litter, 
50.1 per ct. males and 49.9 per ct. females. 

Tho young sows have smaller litters than mature sows, they usually 

raise a larger percentage of their pigs, for they are less clumsy. In trials 
covering 4 years at the North Platte, Nebraska, Substation,’ Snyder 
found that sows with their first litters farrowed 8.2 pigs on the average 
and raised 6.2 pigs. Old sows farrowed 11.1 pigs on the average, but 

raised only 6.5. 
A sow producing litters of less than 5 should be discarded, while one 

that can save and raise 8 pigs is a good producer. The pigs in a litter 

of 8 usually will make larger, more uniform pigs, and in most cases 
are more profitable to the farmer than abnormally large litters, small 
in average size and low in vitality. 

1015. At farrowing time.—Sows thin in flesh should have their feed 
gradually increased so as to be in good condition before farrowing. As 
this period approaches let the feed be both sloppy and limited in amount. 
Costiveness, common at this time, should be forestalled by feeding wheat 
bran, linseed oil meal, roots, or the finer parts of some legume hay, and 

by keeping the animals out of doors and forcing them to exercise. Ken- 
nedy® reports that in England sows are commonly given from 4 to 5 
oz. of epsom salts 2 days before farrowing. Nothing but lukewarm 
water should be given the sow during the 24 hours previous to farrow- 
ing unless she shows signs of hunger, in which case a thin, warm slop 
containing a little ground oats, wheat middlings, or linseed meal may be 

supplied. The desire of the sow to eat her young shows abnormal feed 
or care, or both, for such mothers are usually costive and feverish. When 
trouble is apprehended Bell® recommends feeding about 3 lbs. of salt 
pork, cut in strips. Harbert would apply mucilage containing equal 
parts of a tincture of aloes and asafetida to the pigs with a sponge as 
soon as they are dry. Sows do not like this and let pigs so treated 
alone. It is far more rational to forestall such possible trouble by en- 
forcing exercise, giving coarse, bulky feeds, and especially in seeing that 
the bowels move freely so that the sows are not feverish at farrowing tine. 
For 3 or 4 days after farrowing feed lightly with skim milk and oat or 
barley meal, linseed meal, wheat middlings, or bran in the form of a thin 
slop, warmed if the weather is cold. A week before farrowing, the sow 

5Wis. Bul. 104. 

®°U. S. Dept. Agr., Bur. Anim. Indus., Cir. 112. 

™Nebr. Bul. 147. 

8U. S. Dept. Agr., Bur. Anim. Indus., Bul. 77. 

*Breeder’s Gaz., 51, 1907, p. 535. 
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should be placed in the farrowing pen so that she will become accustomed 
to her surroundings before that event. 

The farrowing place should be comfortable, dry, well-ventilated, and so 
sheltered that a deep nest is not necessary to prevent the new-born pigs 
being chilled, for they may be crushed in a deep, bird-like nest. Long 
hay or straw is not suitable for bedding, for it may entangle the pigs. 
Cut straw or hay, chaff, and leaves are satisfactory, provided they are 
reasonably free from dust. A plank fastened with the edge against the 
wall, placed about 8 inches from the floor and standing out 8 inches from 
the sides of the farrowing pen lessens the danger of the mother crush- 
ing her young. In the case of heavy, clumsy sows, separate the pigs 
from the dam by placing them in a chaff-lined box or barrel for a couple 
of days. Sows properly handled before farrowing will not usually resent 
such separation. The pigs will then be safe, and the attendant can pass 
them to the dam for nourishment at short intervals. A chilled pig may 
be revived by immersion in water as warm as the hand will bear. 

1016. Birth weight of pigs—In a study by the senior author’? at the 
Wisconsin Station each pig in 3 litters as soon as farrowed was tagged 
and weighed. The new-born pigs weighed from 1.3 to 3.1 Ibs. each, the 
litters aggregating 18.7, 19.2 and 22.5 lbs. each. The first-farrowed pig 
was neither heavier nor stronger, and the last was neither hghter nor 

weaker than the others. The so-called ‘‘titman,’’ or weakling, found 
in many litters, is probably such thru lack of food or other extraneous 

cause, for if given good food and eare it not infrequently outgrows its 
mates. 

1017. Care of sow and litter—Farrowing time over, the ration for 

the sow should be meager for a day or two, but as the milk flow becomes 

heavier, should gradually be increased. The coarse feeds, so useful at 
other times, must now largely give way to rich concentrates, such as skim 
milk, tankage, heavy flour middlings, ground oats, soybeans, cowpeas, 

and linseed meal, to furnish nitrogenous matter, and corn, barley, kafir, 
or milo meal in large proportion to furnish the carbohydrates. Water 
should be liberally added to form a thin slop. Sows with litters should 
be liberally fed, for at no other time will feed go so far or give such 
large returns. (914) Good mothers with large litters will usually lose 

flesh despite the most liberal feeding. 
1018. The sow as a milk producer.—Woll" found that a sow weigh- 

ing 438 lbs. gave 7.7 lbs. of milk in 1 day, consuming in that time 4 lbs. 
of corn meal, 4 lbs. of wheat middlings, and 8 Ibs. of skim milk. Such 
findings show that sows good for breeding purposes rank with good dairy 
cows in their ability to convert feed into milk. (343-5) 

At the Wisconsin Station?? Carlyle studied the milk of 12 sows of 3 
breeds. The pigs were kept from the dam except for short periods at 
2-hour intervals by day and 4 by night, when they were put with her 

to suckle. They were weighed collectively before and after that oper- 

Wis. Rpt. 1897. “Wis. Rpt. 1897. “Wis. Bul. 104. 
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ation, and the increase credited as milk drawn from the dam. With ex- 

treme difficulty samples of milk were obtained for analysis. The average 

yield of milk of 4 sows of each breed during 84 days between farrowing 
and weaning, determined in the above manner, is given below: 

Yield of milk by sows between farrowing and weaning 
Av. daily Av. total 

Wt. of Pigs in milk milk 
Breed sow litter yield yield 

Lbs. No. Lbs. Lbs. 

IByerdleslaubyeg OAS ete bobs CRED OAee chat RIE TeIS ae 390 Uoll 6.3 532 
Glamis @hin aes weet Wh Maar, o55 Caneute 393 leo 4.9 429 
“TPexans OOTRRiqord opolkee7 ar 2 ard Boe cee auGae Oren 247 6.3 pz 434 

We learn that these sows gave from 4.9 to 6.3 lbs. of milk daily, the 

total for 84 days, by which time they went dry, ranging from 429 to 
532 lbs. <A 4-yr.-old, 532-lb. sow with 10 pigs gave 669 lbs. of milk, 
while a 5-yr.-old, 490-lb. sow with 8 pigs gave only 337 Ibs. Carlyle 

states that some sows yield almost twice as much milk as others. 

1019. Composition of sow’s milk.—On analysis the milk of the sows 
reported in the preceding article showed the composition recorded in 

the following table: 

Average composition of sow’s milk 
Casein and Milk Total Specific 

Breed Fat albumin Sugar Ash solids gravity 
Per ct. Per ct. Per ct. Per ct. Per ct. 

Berkshiteasn esa scr U PS 5.74 5.63 0.97 19.59 1.040 
Poland-China. ... 2... ‘6479 5 .94 5.74 0.98 19.19 1.041 
Texas ‘‘Razorback”’.. 6.64 6.50 5 .56 TOL e195 70> 12043 

It is shown that in all constituents sow’s milk is richer than that of 
the cow. (548) Woll’ found the fat globules of sow’s milk only one- 
fourth as large as those of cow’s milk, but 8 times as numerous. (550) 

1020. Feeding the litters—When 2 or 3 weeks old the unweaned pigs 
should be encouraged to eat with the mother by providing thin, sloppy 
food in a shallow, low-set trough. Because the sucklings cannot fully 
satisfy their hunger by such provision, there should be further provided 
a separate, low trough which cannot be reached by the dam. For young 
pigs dairy by-products, in combination with various ground grains and 

milling by-products, are easily the best of all feeds. For very young 
pigs there is nothing better among the grains than ground oats, with 
the hulls sieved or floated out, and red dog flour. Corn, barley, kafir, 
and milo meal, dark feeding fiour, flour wheat middlings, and ground 
emmer with the chaff removed, ete., may all be freely used for sows and 
pigs as the young things come on. Soaked whole corn thinly scattered 
over a feeding floor gives feed and enforces exercise. Pigs well fed 
before weaning grow faster and draw less on the sow—a matter of im- 
portance where the litters are large. 
Where 1 litter of pigs is raised a year, the pigs may run with:their 

“Wis. Rpt. 1897. 
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dams 10 or 12 weeks, or the sow may be allowed to wean her pigs herself. 
However, when 2 litters are to be raised, the pigs must be weaned at 
the age of about 8 weeks. The sow should be separated from the pigs, 
and only returned 2 or 3 times long enough for them to empty the udders. 

1021. Exercise for young pigs——Well-nurtured pigs, which often be- 
come excessively fat thru liberal feeding and lack of exercise in winter, 
may die unless foreed to take abundant exercise. If sufficient exercise 
cannot be given, the danger may be averted by reducing the feed supply, 
but this checks growth. In the absence of more natural exercise the 

herdsman should turn the pigs out of doors 2 or 3 times a day and drive 

them about the yard. Selle’* describes a means for exercising winter 
pigs as follows: Wagon loads of sods are placed in the cellar in the fall, 

and in winter these, along with bits of meat scrap or cracklings, are 
thrown into the pens. In searching for the cracklings the pigs get ex- 

ercise as well as some feed. - 
On weaning, pigs of the same size should be placed in groups of not 

over 20 in order that each and all may receive the care and attention 
needed. Where large numbers of pigs of varying sizes range together, 
the weaker ones are at a disadvantage at the feed trough and are liable 

to permanent injury from lack of feed and rough treatment. 
1022. Shotes—In summer shotes should range the pastures, getting 

part of their nourishment from succulent alfalfa, clover, vetch, or rape, 
or, if nothing better is at hand, from the grasses. Green herbage of 
the proper kind will a little more than maintain the animal, leaving 
available for growth all the feed supplied. To supplement the pasture 
2 lbs. or more of concentrates daily per 100 lbs. live weight should be 
fed, except where pasture is unusually cheap compared with grain, when 

no more than 1 Ib. per 100 Ibs. live weight may be the most economical. 
(984) To force shotes to forage the fields for their entire feed is unwise 
and expensive. They should gain at least half to three-quarters of a 
pound per day, and sufficient concentrates to produce this gain should 
be fed. In winter shotes should be liberally fed the finer parts of some 
legume hay, such as alfalfa or clover, and roots. These are not only 

the cheapest of feeds so far as they can be used, but they are helpful 
in developing a roomy digestive tract capable of utilizing a large amount 
of feed when the fattening period arrives. Legume hay also furnishes 
nitrogenous matter and lime, both essentials with these animals. But 
roughage alone is not sufficient for the growing pig, and therefore such 
coarse feed should be supplemented with a reasonable supply of rich 

concentrates containing but little woody fiber. Corn, barley, kafir, milo, 
and the other cereal grains should be given to furnish heat and lay on 
fat, while a supply of skim milk, tankage, wheat middlings, soybeans, 
and other nitrogenous feeds will furnish the protein for muscle building. 

1028, The fattening period.imHaving developed a strong framework 

of bone, ample lean-meat tissues, and a roomy, vigorous digestive tract, 
there now remains the final operation of laying on fat. If the pigs have 

“Wis. Farmers’ Inst., Bul. 1894. 
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been properly cared for up to this point this is the simplest and easiest 
part of the whole process. Fattening is best accomplished by restricting 

the amount of exercise, reducing the allowance of coarse feed, and giving 
all the palatable carbohydrate-rich concentrates, such as corn, barley, 

kafir, milo, emmer, ete., the pigs will consume, with sufficient protein- 
rich feeds to balance the ration. The feeder will gain much help from 
studying the results secured with the many successful rations fed in 

trials reviewed in the preceding chapter. Especially during the first 
part of the fattening period, considerable use can be made of legume 
hay or forage crops. If the most rapid fattening and the highest finish 
are desired, as fattening progresses the roughage should be almost en- 
tirely eliminated. Even with well-grown shotes, it is important that 
enough protein-rich feeds be supplied to balance the ration and stim- 
ulate the lagging appetite. (918) If the fattening period is short, only 
the small grains need be ground, but if the animals are to be carried 
to a heavy weight and be highly finished, it may be advisable to grind 
all grains in order that the consumption of feed may be as large as pos- 
sible without cloying the appetite. (920-1) 

If the shotes have been properly brought forward the fattening period 
should not exceed 8 weeks, unless the animals are to be made un- 

usually fat or there is a rising market which warrants continued feeding. 
After the first few weeks of heavy feeding more and more feed is required 
to produce a given gain, and this fact should always be remembered by 
the feeder. (913) All fattening animals should drink water freely, being 
forced to do so, if necessary, by placing it in their feed. (926) At all 
times coal ashes, wood ashes, lime, ete., should be accessible, as elsewhere 
recommended. (927) Fattening pigs should be fed twice daily, and pos- 
sibly 3 times toward the close of the period when on ground feed and 
getting little or no roughage. 

Since pigs infested with worms or lice do not make economical gains, 
the wise feeder will keep his animals free from these pests. When pigs 
are fed and housed in clean quarters, there should be but little trouble 
from these sources. Lice may be eradicated by using a dip of erude pe- 
troleum or one of the standard stock dips. For intestinal worms var- 
ious treatments are advised, including turpentine; charcoal and salt; 

chareoal, wood ashes, and salt; copperas; and lye. From trials at the 

Iowa Station, Evvard'’ recommends for a 50-lb. pig a dose of 2.5 grains 
santonin, 1 dram areca nut, 0.5 grain calomel, and 0.5 dram sodium 
bicarbonate. The amount should be doubled for a 100-lb. pig, increased 
3.5 times for a 200-lb. pig, and 5 times as much should be given to one 
weighing 300 lbs. Feed should be withheld at least 24 hours before 
giving the remedy, and the dose should be repeated in 8 or 10 days, to 
be sure that the worms are expelled. 

1024. Home markets.—With pork consumption increasing more rapidly 
than production, there have sprung up over our land good local markets 

for all manner of pork products, from the dressed carcass to sausages, 

Information to the authors. 
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hams, bacon, ete. Consumers are calling for leaner pork, and many 

farmers who are feeding pigs will find it to their advantage to supply the 
home demand for high-grade pork products. Knowledge of how to grow 
the pig economically on such roughages as the legume hays, roots, and 

rape is of great value in producing a high-grade product, especially 
with eastern farmers, who are unable to produce corn as cheaply as it 

is grown in the corn belt where the lard hog is still the favorite. In 
finishing pigs for local markets the farmer should study the demand and 

fatten his animals accordingly, bearing in mind that when the market 

does not give a premium for the thoroly fat pig it will pay him to save 
the expensive gains of the last part of the fattening period, which are 

needed to put on a high finish. (199, 913). 
American farmers should gain much help from studying the methods 

of the Danes, who grow no corn, yet lead the world in bacon production. 

This surprising fact is due to their wise use of dairy by-products, to 

their spirit of co-operation, and to the high degree of intelligence and 
skill they show in feeding and caring for their pigs. This knowledge 

is acquired thru their agricultural colleges and other educational insti- 

tutions, which are supported and directed by a wise and sympathetic 

government. The total area of Denmark is but little over one-fourth 
that of Iowa, yet measured in money this little country exports about 

one-sixth as much pork products, mostly bacon, as the entire United 

States. 
Most helpfully, local establishments are springing up in this country 

where pork products of the highest quality are being manufactured, 

and the success attained by some of these shows that expansion in this 
direction is possible, as it is also desirable. Since the pig, next to the 
cow, is the most economical four-footed farm animal for the production 
of human food, there is every reason to anticipate greatly increased inter- 

est in pork production in all the agricultural districts of our country. 



APPENDIX 

TABLE I. AVERAGE PERCENTAGE COMPOSITION OF AMERICAN FEEDING 

STUFFS 

This table is an exhaustive compilation, made by the authors, of the 

analyses of feeding stuffs reported by the State Experiment Stations and 
the United States Department of Agriculture. The preparation of this 

table and Appendix Tables II and III has required the time of trained 
assistants equivalent to one person working steadily for three years, in 
addition to the supervision of the authors. The completeness of the 

data is evident from the fact that over 53,000 analyses have been gathered 
into this table. The value of the averages here given is shown by the 
large number of complete analyses combined for the leading feeding 

stuffs. For example, 5,335 complete analyses enter into the average for 
corn meal, 4,641 for standard wheat middlings, 7,742 for wheat bran, 

ete. Compared with former editions of this book, 270 more averages for 
different feeds are given, an increase of 80 per ct. When possible sep- 
arate averages are given for high- and low-grade feeds of the same name, 
for forage crops at different stages of maturity and with different contents 
of water, etc. For reasons given in the text, averages for the various 

proprietary mixed feeds are not here given. (285) The figures for a 
few feeds, for which American analyses are not available, have been 

taken from Zusammensetzung der Futtermittel, by Dietrich and Konig. 
Where the scientific names of plants are given in the text, they are not 
repeated in this table, for they may be readily found by referring to 

the index. In other instances the scientifie names of the plants are here 
given. 

This and the following tables are fully protected by copyright. 

| | | Gana Carbohydrates No. of 

Feeding stuff | Wat INGE oe z Fat al- eeding stu a ~ 1 protein nueen feet a yses 
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Taste I. Average percentage composition of American feeding stuffs—continued. 

Carbohydrates Noor 
- Crude |=) 

Teeding Water | Ash ; Fat | anal- Feeding stuff protein) pPiber Nate) aes 

CoNCENTRATES—CON. Per ct.| Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
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Tasue I. 

Feeding stuff 

CoNCENTRATES — con. 
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Tasie I. Average percentage composition of American feeding stuffs—conlinued. 

| | Gade | Carbohydrates 

Feeding stuff Water | Ash : 5 
protein} Fiber Nee yses 

CoNCENTRATES—con. Per ct.| Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
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Leguminous oo bait their pr ridin | 
Adzuki bean, Phaseolus angularis.......| 14.0 | -3.6 | 21.0] 4.0 | 56.7 | 0.7 2 
Bean, navy. a Seiden hares eee LOG Au ene ean On om Don) 15 4 
Bean, navy, cull. be cae! L2cOr |) eesoe| 22k aloe pO mee eed: 3 
Cowpea. . Ree ey Ne GS Me aya Be ah Nee LILY cayaye §3} 1b} 30 
Frijole, Phaseolus bulgaris. Johvesctecsee| S960") Ava 24 60) s4 029 56: del ial al 1 
Horse bean. . toot Pee, ee 2 Gal SOS <2 Ono nlm el a4 ORAS RO EO 2 

Jack bean, Con ons: Lee lle Od Sh On s23E Sel ae or. amo OE alee G 1 
Mesquite bean and pod. : 6.1) 4.5 | 13-0} 26.6 | 46.7 |. 3.1 5 
Peed ee Beas ee OE ede 4n | 22 aOR oro ule nimes ileal 6 
Pea, earden i aeoh csc an se teeaeuct ae Lhe 8c05l 20 0c) Sale| 390m) peeo S 
Pease litkeaa che cetera Nee L(G) SOW Zone 40" | b0e0 1.4 8 
Rea braney eee ea ee ee OL OT eo nOn LOE eon ome SORO els | 33 
Pea hulls. . SU Meee eres nates eee) hoe? Oro oleaorOelhtoneo ee, 3 

Peanut, oath hull. - 16.5014 | DORA | GEA i Graal Gee 2 
Peanut, kernel, w ithout hull . 6.0 Deel 2058 265 |For a9, 16k 
Peanut waste. eases Beds he WEE 5.4 | 24.4 O20 26865. 3524: 3 
Peanut cake, from hulled nuts......... |, 10.97 4.9 | 47.6 leo 8.0 | 2,480 
Peanut cake, hulls included. . AOAC AnD) | 2804s) 25-4 Oni of 
Beanutinulls (6 tenes ee ean eee 9.1 DLO 1.0 00. Onl 1S. OM len 6 26 

eg ale a eet | 97.2) 3.3) 381.7 113257) 3820 43 1 
Soybean. . ). 9.9 | 29:38 30.0.) 4.3; e20cba honed 
Soybean meal, fat extracted. aie LMS) oe4 Are 5 a8 "| 28 aie sii 6 
Tepary, Phaseolus acutifolius, var. 

latifolius. . Seer ee Oy Ae 22 ale al Oe 1.4 1 
Velvet bean, seed. . P 11k 226 2028s seco oO 6.4 2 
Velvet bean, seed and pod.. 12.38} 4.0] 17.1 | 14.38] 47.7.1" 4.6 1 

Miscel. oil-bearing seeds and their pes iiicds 
Cocoanut meal, low in fat. oe] 9.6 ARGS 2OeOR Male eA he eee: 11 
Cocoanut meal, high in fat = s.r as al UF Z0N Bo 2004s) Sx Onl tatiana at 6 
Walmmniuticakets ae decease teat aurea) 2a: ea Arsh 1688) 2eeOn oor 9.5 600 
Rapeseed cake. 1020: | V7 9eiroly 2a ales in3020)5), “SROu o00) 

Seana on saeco eel OR Sal LORE al eORoml elite”) 150 
Sunflower seed, with hulls. et, ae eee MALL OS) onl NelGE E27 Oe ele Seles 9 
Sunflower seed, Without MuUllse eee sal eno Seow oe 6.3 |.16.3 | 41.4 6 
Sunflower heads..............-... 22+. ta 6.7 | 12.6 | 24.4 | 34.6 | 14.4 tt 
Sunflower seed cake. . EA See ORO Ae? | 3428) 1) 1029) | 212882 18e3. 1 

Milk and its products 
Cow’s milk. betes seel| COL4o|) MOLL Eon O 5.0 | 4.4 | 1,647 
Cow’s milk, colostrum . Be eo ee A WAL, 16/726 Pith 3.6 42 
Skim milk, ‘centrif ugal. . syste ada eve eave Fst O Let oa |b sO yan [namo re e202 | Smee 
Skim milk, gravity................00- 90.4] 0.7} 3.3 4.7} 0.9 96 
Skim milky dined: an of. che steers neal Oc |moo ren ro ORO De Ou lade 3 

Birttermilkee hs. 2 22k eee eee et O OulemORy aye) 5.0 Owl! 
Whey. ERE us oes dee bee ego Oar 4s A MOR aie ORS ASG Old ae 
Mare’s milk. DR Ee cae Bus Semen oe chet eta OO Oa RO RA: 2.0 5.9 Ii 72 
we! simlllg S Nee ee Oe cee eee OOS 0.9 6.5 4.9 6.9 ea 
OWES TULL Kay, serene ucts srierh Se eas ee epee late tLes 1.0 5.9 5.4 6.7 25 



APPENDIX 637 

lt ABLE, I. Average percentage - composition of American feeding stuffs—continued. 

| Gus | Carbohy Grates ING, Gi 

Feeding stuff Water | Ash protein| Piber N-free Fat ea 

ConcENTRATES—con. Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 

Slaughter-house b Lr OaMets 
Dried blood. . Pee eee val DOR Iho conl Seco sa, Wikia Os OKO 45 
Fish meal, high in fat. satoneceesll NOS S20 chy a! a son |) UILEG 6 
Fish meal, LOZ NN gobh cos ehconoeee cial HOES |) BG bed! te Nie: Dive 4, 
Fish-glue waste. . Hoe ero fs sl AONE S49) | SOeT Het Nhe Asal pda, il 
Fresh bone. . =a POOR R21 TO 19).7 soul) Bier || 20) 4. 

Mean bone Teal 90-40% 2 ASD ee 6 MORO eI SO Lor lmoor sn | ciel | Wenasalen walelan 59 
Meat-and-bone meal, over 40% AN sees WO] 4k | Se WG Bev Ow 13 
Pork cracklings. . ee eee eee le OLN 2eon hobs: Be A 1 | 32.2 5 
Poultry bone.. Smovpcsel| | Cael) Gilazel) Oiler: pe BO || Boll 24 
Tankage, over 60% protein.. soed|  aGh |) MO |] GR SG i B55 | 12.9 42 
Tankage, 55-60% protein. . docooovall Co@ I Wee | Geely 29) Be als} 57 
Tankage, 45-55% LOUCIN ee eee Co) || Use |) SS SO) aaa Eo) 53 
Tankage, below 45% protein...........| 6.5 | 22.6 | 40.4] 3.7] 9.9 | 17.0 14 

Miscellaneous concentrates 
Acormm Kernel and shell: -- 217) .-..)...-.| 20-9 |. 1.1) 3.4) 17.8 |. 45:47) 494 1 
FNCONDMKCINE rsa qe nti: te eas OFA) 1A | 4.2 we 104.6) 24 1 
Recmeul pa wenee a.) go 4-190-740-4116 0.9 | 22.0 | 527 | 0.95) yt0 
Beconulpyaniedanns. 28 eor cect. |) 8.2 1) 3.5! 8.9 | 18.9 | 59°61, 0.9 48 
Ue ae CAO] PDAS Qos Wa Oe e Ose 21 

Bakery refuse. . ee et ea OR Oro) lll) AON om iGo rl i ai 4 
Bread: 3. ee eee te OOS Owl Loom eOe ls OE e004 le Oed 2 
Cassava, dried. . s§docscoscosocedel OO| BO Bes HO | Seba |) = OAs 6 
Cassava starch refuse. . sescoosccoaoll HAO IW.) O28) Gell ies O27 tL 
Chess, or cheat, seed. . spedoomoadall) God No Abell |] WO. PF SEG ale) 1 
Cocoa shells... . scoancall 45.8) |) MO).s3 |) hy 4b | NG. Ze. B30) 21 
Corn, oat, and barley feed.. AL eet | PS ob We Ae Oye ey Ih Oleieee | 2b es 60 

Distillers’ grains, dried, fibin Comer OB |) BG |) HO.) LG) G83 | We lat 
Distillers’ grains, dried, fromrye.......| 7.2] 3.9 | 23.1] 10.9 | 47.1] 7.8 1 
ST 2h oe en ae UG 42 4| OG |) 4b 1) 23 1 es al | ae 3 
Distillery slop, whole. . osocasasel CBs) Osa 19 O.5 ) Zoo O26 9 
Distillery slop, strained . SS) Wass | ee Oe aay Ose 8 
Lamb’s-quarter seed, Chenopodium album| 9.8} 3.0] 14.1] 19.1| 46.2| 7.8 1 
Molasses, beet. . POR reas ee (RZD eOy|| One| Veao oe 6620 a 5 

Molasses, cane, or nElaeatapy seco! PDS | Gi) Bal So | Chee one 16 
Molasses feeds, below 10% Gber es e016) ez) 13.4 1.9.8) e538, 5p lees) Orr 
Molasses feeds, 10-15% fiber.......... WC 7 A) MNS GD) ee 22 
Molasses feeds, over ie fberae eee er) W9eo) |) 69LS | lode 1 SeOule4 oes) leu 2es 11 
IMolasses-altalfaifeeds: 48. 42-ne2 5.2042. 13-5 IF 9.2) 12, On) 72) |) 46274) ae: 5 
Molassine meal. . eee eee | LORGilina7 Su) Son) words | oor OmlaOES 3 
Mustard feed or bran. . Serer aie ont Ged. Slaal a Okie eclenelelG 3 

PIPCOUEPrASs SeeWede a 2-2). .--2:.-( 0-7 | 6.6) 14.4 | 17.2 | 45.7 |" 5.4 3 
Pigweed seed. . cavocooocpeeall /@.e) |} 2b2F |) W550) 1s. |) BOG |) Ose 1 
Potato flakes, dried. stacococgsve|| UP AO Zoli) 2.9 | 7G) OB ayy. 
Potato flour. . Ee ace one -|| LORO I Oran Diet Neo Oe Seo ONS 2 
Starch feed, dry... eer ae x: cle Odor bel olan) eee oOORae kG). 13 
Starch feed, wet.. ee ee 1p OO8G 1) OLS) |e-o,Osle oleae V3e3 19 
Samir eee ee to 3 1.6). 63) 73 Wook. ty Lea: 3 

Driep RovuGHAGE 

Cured corn and sorghum ferage, etc. 
Corn fodder (ears, if any, remaining), 

very dry, from barn or in arid districts) 9.0} 6.5 | 7.8 | 27.2 | 47.3 | 2.2 56 
Corn fodder, medium in water.........| 18.3] 5.0] 6.7 | 22.0 | 45.8 | 2.2 59 
Corn fodder, high in water............ BOS RoL On 4eSulslGe dlrs tou | alee 23 
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TasBie I. 

FEEDS AND FEEDING 

Average percentage composition of American feeding stuffs—continued. 

Feeding stuff 

Driep RouGHAGE—con. 

Cured corn and sorghum forage, 
élC-—= Con. 

Sweet corn fodder. . . ax 
Corn stover (ears removed), very ‘dry... 
Corn stover, medium in water. . 
Corn stover, high in water. . eee 
Corn leaves... ba ee 
@ormmbusks ye ce a ee ee ee 
Gomistalkss eee ee ee ee 

Corn tops...... 
New corn product. . 
Kafir fodder, dry... AS os aco 
Kafir fodder, Beha inwater............ 
Kafir stover, dry. . ree et eae 
Kafir stover, high in water............. 
Milo fodder, dry. . sy: Sage NR 
Milo fodder, high in water............. 

Milo stover, high in water............. 
Sorghum fodder, dry. . an ae 
Sorghum fodder, high i in water......... 
Sorghum bagasse, dried. Peet eer 
Durra fodder. DN tee 
Broom-corn fodder . 
Japanese cane fodder. . Ey 
sugar-cane bagasse... 02.28% sah ele 

Hay from the grasses, etc. 
Bent grass, Canada, or blue joint, Cala- 

magrostis Canadensis: .........-..--- 
Bermuda grass. 
Black grass, J uncus Gerardi. . 
Bluegrass, Canada. . eet 
Bluegrass, Kentucky, all analyses. Seapets 
Bluegrass, Kentucky, in milk 

Bluegrass, Kentucky, ripe............. 
Bluegrasses, native western . 
Brome grass, smooth. . He: nee 
Bluestem grasses, Andropogon spp. ee 
Buffalo grass, Bulbilis dactyloides....... . 
Bunch grasses, miscellaneous........... 
Carpet: grassy las aee sink ace eee 

Chess, or cheat, Bromus secalinus....... 
Crab grass. 
Crow foot grass, Eleusine : Spp.. 
Fescue, meadow. 
Fescues, native, Festuca SPP - 
Fowl meadow grass. . 
Foxtails, miscellaneous. . 

Gama grass, Tripsacum dace. ee 
Grama grasses, Boutelowa spp. . 
Hair grasses, miscellaneous. . 
Johnson grass. 
Millet , barnyard... 
Millet, common, or r Hungarian. 
Millet, German.. ea te ee 

Per ct. 

—_ 

— 

ADM De PROOW NNNOOO 

= 

se 

Oe WO 

DORE OIRN OD HE wwwonNes NIROCORW 

INWARD DHONNNE DOSCCGHN BHNWAH 

Carbohydrates | N f 

Ash Cr ude ' vies Fat nee 

protein! Fiber Denes yses 

Per ct. | Per ct. | Per ct. | Per ct. | Per ct 

9.0 9.2) 26.4] 41.3 1.8 6 

5.8 5.9 | 30.7 | 46.6 16 183 
B20] Oat | 20.00 4029 Ie, 97 
3:8 3.9 | 20.1 | 30.2 1.0 247 

6.2 TAMU PPE AE || iy! 1.8 28 
2.5 2.9 | 24.9 | 44.2 0.8 17 

5.2] 4.8 | 27.8} 43.1 1.4 19 

5.6 D260 27240104210 1s 8 

4.0 6.4 | 28.7 | 48.9 2.8 1 

9.4 8.9 | 26.8 |] 43.1 2.8 20 

S10 Gon! ZUG Galaga 2 
S20 | Ono ARATE 3 
(<0 | 23:8.) 23.7 1386.6 ilies 4 
9.9} 12.0 | 18.4 | 44.1 4.5 5 

3.1 sere Mh Ugh stay |p ebast |i P33 7 

6.7 2.0) |,20.60 34.1 0.8 1 
7.8 7471 26-1 |: 45.9 asp 22 

oud SOF LS joo ON e2s 11 
220 Set | oOLomnoUro 1.4 2 
D.2 | 6.45240 [ol 4 228 3 
Dek 3.9 | 36.8 | 42.4 LES 1 

2.0 14) 20.6.) 67.3 1.9 1 
5.6 3201) O470) noone WAll 1 

6.8 ab (Gone MN ATES 2.4 10 

eG 7.1 | 25.6 | 48.2 1.8 14 
{583 Web ale2oe las ies ZnO PAL 

5.8 6.6 | 28.2 | 46.4] 2.3 10 
6.6 823 028 2344087 2.9 26 

D290 Sra s23c4 4a OR ees 2 

6.5 Gall | 25 cA a eebes alto O 5 
S07 V2 B29 Sw eS9R On weeO: if 
atl 9.9} 31.8 | 40.2] 2.4 8 
DEO 4.9 | 34.2 | 46.7 1.8 10 

115 7.0 | 26.1 | 46.6 1.8 7 

9.2 6.0 | 80.6 | 45.4 1.8 9 
10.2 7.0 | 31.8) 40.9 BAG 1 

COW e228) Os 46225 23 10 
8.5 8.0 | 28.7 | 42.9 2.4 9 

7.9 8.6 | 27.4 | 44.4 2.2 10 

7.0 6.8 | 30.4 | 42.1 2.0 Pil 

5.8 8.9 | 38.5 | 44.8 2a 9 

U3 9.8 | 28.8 | 40.4 PRAT 5 

10.1 9.3 | 28.6 | 42.6 2.6 14 

Ga2 6.7 | 30.4 | 43.1 ides} 3 
9.0 6.4 | 28.7 | 47.6 Lee 15 
6.8 8.3 | 31.2 | 44.9 PAD. 17 

leo 626) SOR2hwA4sr5 Dial: 7 

8.2 819) (27860) 840F8 1.6 14 

6.3 8.3 | 24.0 | 44.3 2.8 56 

6.9 8.0) 27-3) 46.5 2.6 22, 



APPENDIX 639 

TABLE I. Average percentage composition of American feeding stuffs—continued. 

Crud Carbohy drates 

Feeding stuff Water Ash afat saa Fiber N-free 

Drizrp RoucHAGE—con. Per ct. | Per ct.| Per ct. | Per ct. | Per ct. | Per ct. 

Hay from the grasses, ete—con. 
Millet, hog, or broom-corn...........+.| 9.3 | 5.9] 8.8 | 21.3 | 52.2) 2-5 5 
Millet; pearl, or cat-tail...:...........| 12.8 | 9.0] 6.7 | 83.0] 36.8 |, 1.7 6 
Nutley omindians ©... f8\a2-- | Os | 6.99) 10°61) 80.7 | 42.7 | 224 7 
Mixed grasses. . AZ Sil 5. Gu 126) | e28e Sul) 427 2 noo 
Mixed grasses, rowen. ee 13.6 Gro) LZR Sa le24e 24 ON 3.3 49 
Natal grass, 7’r icholaena rosea. eter fF SO) 2k SHON) BIW MS yy 

Needle grasses, Stipa spp.. aoe | OR On Mee sno Ol eA oem eelaesy 9 
Nerved manna grass, Panicularia 

nervata. Teil ela) | tst(0) | PASTA) WG y ay Leto) 4 
Oat grass, tall, or meadow oat. erass, 

Arrhenatherum elatius............... HES GL 8-0) | 29). 4 4D 226 13 
Old witch grass, Panicum capillare.......| 7.1 | 10.1} 10.6 | 24.3 | 45.7 | 2.2 3 
Onchamdsorass eon = Ab gee a cee ciate. at: EGG Oa 29) | sOkoel40245 (29 46 
l2GikD, GIES, ooo boadee do da scsoeocoedsos) as) Ih COaee | COBB AG CAL ey at) 3 

Panic grasses, Panicum spp. . Seon imran Solomon AARON nO ee 21 
Prairie hay, western. ae GoD | ol || SO SO |) 47 | 2B 42 
Quack, or couch grass, ‘Agropyron repens... HM) | | es | BOL! Zl) | BO) 4. 
RVESCUCTOTASS OR ch. fe lates Wik he sistebo ass Yas 1 Boil | Oss) BAG |) Aes) Bh 3 
ited topyallanalyses. 2252-5. -..-9:--| 9:8 | 6.8) 7.4) 28.7) 45.0 | 2.3 40 
Redktopeinibloome +.)22 354 5. se.0 0: sO Shel | PD) ae Beil 15 
Reed bent a Cana ostis aa 

purascens. . ; eee Ocoee | MOE2 Tr oleonAnroulat 23 3 

Reed canary grass, Phalaris Di stie as | WEG) 7) 7 SO) |) Za) I Sa e%7 10 
Reed grasses, miscellaneous western.....} 7.0 | 7.0} 6.2} 33.3] 44.3] 2.2 8 
Reed meadow grass, or manna, Panicu- 

laria Americana. ete ORs Qe lee Osi 2O)som 4-29 altel) 7 
Rhode Island bent, Agrostis ca canina...... 11 Dy | OnGy NG. Gele29ron 42.8.) ok O 2 
Rye grass, Italian. Bee (oe Mon Sele | eS | M4 ool lleed 39 7 
Rye grass, perennial. . sdaoedeoatccall LAW Gali OB ly VE HG Ae shoal 14 
Rushes, western, Juncus spp.. sscosdl Beh |) 781) MOR || BO | 45 I le 28 

Salt grasses, miscellaneous............. a) | AG) | el | BOS 1) Zab bs I 0) 4 
eages, western, Carer spp:....:...:...| 5.2 | 6.8} 11.2] 28.2'|-46.3 | 2.3 45 
pedfesyeasterm, Carexispp--2)..:.--)..-|) 9:3] 7.4,1° 6.1 | 29.2:1746.3) |) W27 3 
SPeaiseMicses y-OG SD. ant eee nef) OD) 08 |) 6.6) 30)-0) 12490) hol 33 
SWAT ASSO «chasis .cp Bias aie bala « ue etsy] | (atl I) Cath |) Pashava | Eas) 83 37 
Sweet vernal Sawer Anthoxanthum oder- 
THI Ds 6 6 5 sanadesoacoll Baad |) 8} || Uh Gale i) aehere |) au 2 

Teosinte. . ee ee ere LO FOn LOU Si a OndW i oGr 4s Wade yanl teas) 4 

Timothy, tcl eese. eee Gul AON Gals 2OnOn Ale Onli sn el 
Timothy, before bloom. . spooccocull) CoO COI Ossi) Ayla i Be 7 
Timothy, early to full bloom... So \) West BED |) Gees] 2) | ee eG 50 
Timothy, late bloom to oy seed. ..... 14.9 | 4.5} 5.5] 28.3 | 44.0 |. 2.8 21 
Timothy, en ns a Sheo doe nese|) Wc bear aya aie tl ais lS Oe 28 
MIMOthyATOWCU As ste. s.eki. -e s-| 1D. | 6.9 | 14.4 | 24 351340 |; 44 3 

Wheat grass, common, Mom yron ge 
cum. Geo |) O29 Gta | 2a Ona. Or +f 

Wheat grasses, miscellaneous, Agropyron on 
spp.. GA) G28 el BORZaRA Te al) 204 19 

Wheat grass, “western, ‘Agropy yron “occi- , 
dentale. . DO eT Ol Cae Ni Oa MALT AY | 228 13 

Wild barley, or *foxtail, Hordeum jubatum. eOui 8.8) eOn Quen Ages) |.) 2:0 5 
Wild oat, Avena fatua Bhs ore oe Bote Ge 297) G24. S07 30 WA4 S| 288 13 
Wild rye, Elymus Canadensis.......... LOLS Olen | conn 4G.S: | a 1e9 10 



640 FEEDS AND FEEDING 

Tapie I. Average percentage composition of American feeding stuffs—continued. 

Feeding stuff Water | Ash : ‘ ‘i Fat | anal- 
Pia paper tee yses 

Driep RouGHAGE—con. Per ct.| Per ct. | Per ct. | Per ct. | Per ct.| Per ct. 

Hay from the smaller cereals 
Barley hay, common. ree CAN MORE |. F200 290 WAL ls 282 5 
3arley ea Sie. 6.9 CAML 9a co8eO 2:1 bp 

Emmer hay.. Ca 9S le LORO RBS On lero lane Pasi 4 

Oat hay. . ee A PLO) 6.8 S428, con eA leeT 2.8 (3 
Rye hay, all analyses. ene poh Palin’ Sealed Gon lel (Onli One Ozouie eT 12 
Ryehay, heading 0 outtoinbloom....... 8.28 25.85) 9 Ss89hea9e el, 1256 3 
Wheat hay. . 8.1} 6.4] 6.2] 24.7) 52.6) 2.0 12 

We fr om ie Litas 
Alfalfa, all'analyses.|. ft. dee beets 86+) 7826 |.14°9)|, 28235) (372349 2 3H) 3250 
Alfalfa, first cutting.i.0-s40r-u 4a) $920 |) S28 | Td 9ule30 One 3Gi2) cis, 46 
Alfalfa, second cuttimg: 420 f4400. 04.26) 28) GOOG), L467 8 Lesion eal ake 33 
Alfalfa, third ‘cutting -:.,)c.020-. 6. ~ 986) 1 O-9 | hO-0) 1As6 a 25ee aso 2 Sales 17 
Alfalfa fourth cuttine tan) ties.) vot) 16.00) 108 1-15 (00) 24 Or an0 [yn iilead 3 
WORE TL ae ny nia eee Oe 2. LOL G22 O20 Seay lol eA 11 
Alfalfa, in bloom. (Ou) LOROE |) 1520538082 So) onl dias 31 

Alfalfa, in seed. . Neate] LOA el 0") 12-25) 276 ADK Sale 2245 10 
Alfalfa, variegated, orsand lucerne . .... L524 NOON TABS also ai 4 
Alfalfa meal. . ae: ae Ara ee $2.81) 29.01) 14.35) S08 85284) eZ RONG 
Alfalfa leaves. . 6.68) T3864) 2255) eae Ae a ese: 6 
Alfalfa stems. . BO ne bo oe fel @OLOFl BAL ON GES sod Aaa ie OM ORS 2 
Bean, whole plant: 126 | oebe|  22Nby Aes SoU DAN lS oli paem 
Begearweed. . ESS 9.1 SoA > Aale27, Onl oie onlt nee 11 

Clover, alsike, all analyses: i. fc) ..02 0.2] 12.3 | (Sten 2e8u25c7 in 38 Awe 2k 32 
Clover, alsike, mbloom..2...<8.0...2. 0.) 1206 | 7.7 al8i25 26-45 187.00) weed 5 
Clover, bur. se 7.0 | 10.8°) 19.2) |°23:0:1°37.0 1,130 11 
Clover, crimson, ‘or scarlet. . 10°61) (88) 14.0 | 27233629 4)0 9203 18 
Clover, Egyptian, or berseem, Trifolium 

Alexandrinum. . heist] WS WOR 5 | aaa 23k 2a AS ORE Dee 2 
Clover, mammoth red... .f0i0 eee e827 |.622 10827 ON saeai eat 19 
Clover, red, all analyses. . Soins Sewel E229 oF AFSL A228 seb oe N38. 7a eo 76 

Clover, red, before eet Seo lebeen Jo AIO Jo Wo2 | 1S. PAR Ise si Alea nono 2 
Clover, red, in‘bloom 0:3. £028 8. fone) 89.) 974) Soe 28 al oO Nl aoe 18 
Clover, red, after'bloom.. 0... 0) sj... 2st. 22.1 | 6.0] 11.6) 21.9 | 33.8) 4.6 5 
Clover, sweet; white: 2. i. 4.622. s5208| USe@)| E72 IA oe eA RAO ES ee, 18 
Clover, sweet, yellow.<..0.... 220-5. te] CS (o [620 13824 SSeS sol zon aie 1 
Cee ee aera co SL 820) | Oe 2a 28E2 7 416 229 7 
Glover meal.) Mie cle seek o SSS Tes Se a Ono mM eeeee 4 all teas 12 

Clover rowen . vc.c0.4.. 0 o2.08h seal) PAS Sal ioe] LOR bi 20 a3 fe onl eatah 2 
Cowpea, all analyses. . Nos eee OM Tie ON TORS P22 P ore S4 Ono aG 35 
Cowpea, before bloome ia) as. ee 1.8 ik Vicd a 26;.2 8 e20RO 025.0 | Maeno 13 
Cowpea, i in bloom to early pod.........| 10.6 | 10.2 18.5 | 21.0 | 86.4] 3.3 6 
Cowpea, ripe...... NO. ON GRA g VOR S29) 2a 0A Sale 3 
Flat pea, Lathyr. US silvestris, var. W "agnert LEN ORE | PETE PTET sve) [> 83.25 5 
Kudzu vine...... ee all AG Se Melons /allie Doe Oj |e Ailina th ie 1 
Lespedeza, or Japan clover. oe Oo LI Se) ORO lO mLae2 529 44 lO ees 14 

Lupines, Lupinus spp.. Mri kts sks see Ml eli Ol Ono mLoRom|| 2025 sl torom momo 13 
Pea, field....... Oe ee ep e /pe Om aloe DAN Suis eon iam see 30 
Pea, field, w ithout: peas. bcos eect PEO cA Ni OROM mo) O20 1h ore a | 3 
Peanut vine, with nuts. . Pe ee e789 AGES a S38 lo 24 SB ntS fee Aon OR: 3 
Peanut vine, without THUGS sah ee INS Sere ee Oat 20 22a nS Gusa ams ar i 
Sanfoin, Onobrychis viciacfolia..........| 15.9 | 7.1 | 10.5 | 19.7 | 44.2 | 2.6 5 
Serradell sie oon i scotia Wes fee tires a stelle Odea ls Brey alley rc | LO) ke NN | AO 2 2) 5 
Soybean hay..i0) oJ acea.h dace dee OcOul) SeOn| ml CeO ZAR ORO La imrzes 23 



APPENDIX 641 

TaBie I. Aver: age percentage composition | of American feeding » stuffs—continued. 

Tohansielene | INGuof 
. = Tru ————S 

Feeding stuff Water | Ash ae Fiber ee ia pa 

Driep RouGgHAGE—con. Per ct.| Per ct.| Per ct. | Per ct.| Per ct. | Per ct. 

Hay from the lequmnes—con. | 
Trefoil, yellow, or black medie, Medicago 
(WRUNG bis Gah e sobs antec chs ooo emis LUN AVE) te AU aye) ite ees at rete TS (0) 2 
Welvetibeaneere ny een eed te neal 04: | LG 4s 2 bt NOSE aul syan 4 
NETC He COMMONe et sae es ae sel ela Sd elie d) [nO || a Ohi elm etso 3 
Vetch, hairy. seal) LS Sa I PERS eal AG aS 15 
Vetch, kidney, Antti ‘vulneraria. oop ON LL a 2s 2 Geel sso 1) 4 
Vetches, wild. Abe Ag. GAGE Set PON M2620 R39 Sime 2Ee: 12 

Hay from mixed legumes and grasses 
Clover and mixed srasses..............| 10.1.| 6.4) 9.9 | 28.5 | 42.3 2.8 34 
Gloverandtimothya.e.0--) 4.26 eee) | 22 2 6 ie 8-6 1 29°98 4078) 2k 52 
Clovenmixedirowene vs )2e oe oes eeON) 5S. Sy LIS) 27.9 NSS 65) 229 11 
Cowpeas and millet. . eee eal A Salad, (2c Oo laa) Iie aie 2 
Peas and oats. . sactocceocbed| LG. Ase |) Wile) 25.6 |) S545) 2.6 30 
Peas, oats, and barley. jecbesceensel 16.8) GC | 1220 |) 2925 | Beet. Bo 1 
Vetch and oats. . joodcucrsevebuccell U7 | Wed || MOK | Bo) Silas |] 65 8 
Vetch and wheat.....................| 15.0 | 6.8 | 14.5 | 27.2] 34.4] 2.1 4 

Straw and chaff from the cereals 
RAUGCANCAWe eet ene tee IAA 1527 | coco! 36.0) (639 ak |) Led 97 
RUCK Wed SULa Wee etn ane Oeo) ORO | Oea | AsvOn 3a al 1.3 3 
Bliachivesmeeet se teksten ae kit che sal tea 0) Ae 2) 425. | B29) Bi.8, 11 
IWIN ARRAN co ec ecopsoconuseousoncocall IA EW SoG | ois) eer) Malo 6 
ORG STEM: . bocodoatoceooveoemoceacoo| MILs Gyatbl = apn Shoes cts Ie seal 41 

UCHALE aCe aia see Ore Tete do O25 ABS |) 2A 4 
INI@O AME oc dooteo obese dc onpegoc ed celal | Ceaaiel ICES I ease) as) olay | (atop a ey 13 
Rye straw. . Me eee ere eet ht decal a ore SLO os OR 46 16. Ihe dhe? a 
Wheat straw. . seodeol eae “G2 I Soll | sei 4b |) Ge beae ah ailals 27 
Wheat straw from rusted ¢ MPDNIMNs oo coseoull Stall Bvt) dae |) ZOEG) | BHEaGy || ales 8 
Wheat chaff. . Sac) Goes oueDORGRGER ics vo, Erte ees fn CZ 4.2 | 28.0 | 44.8 1.4 1 

ee straws 
Bean.. ; Ree es ea LOSa ee iegul ded |) SOrSh| 425 Ou) males 5 
Gniconiclover>-...4./0)2.0...0.6.| 19.3.| 7.0] 7.5| 38.8 1.92.9)| 1.5 3 
Cowpea. . RE ee ee ele Sor oma (OS) 445. |0S5cOn lity di 1 
Horscheanbie 2) tye hee wl 190/84] 8.61 8614. 88hiul,! 14 2 
SOVDCI Mane rE emer err rasan ON Gesu seo! MoO cSt aaaucpeliebilest 8 

Miscellaneous dry roughages 
Alfilania Mroduuncicutarzum..........| 12.1) 11.4) 11.1 | 23.0 | 40.2 | 3.2 3 
Artichoke tops. . scypuesccosenanell Ses | oO] Zaz || 2a 40 | Mee 1 
Brush feed. . : Sadotoogodelol ali pets || Beck) Akan! B68) |) eae! 1 
Burnet, Sanguisorba m WWMM o's soe cccocod) Ly Bess) USO) AOer |) 226) By 5 
Daisy, field. . eee ee alan +o le Oo LOND MASE i) 2220 AOR awa 4 
Furze. . ee et ee Ono ln Op LL On) Sono MoDR4n BHO 1 
Greasewood. . eee anon 4a) LOR Ss R24 on eodeeia|| lee if 

arbi stquartere tee fis clk ee 8) 7 AG |) BAI A PSS BR} a) ee 1 
SE ie gama re UD | P22 |) 2565 |p Sad |) BBs | weal 1 
Purslane. . eee fn lO 822790) 223) TAR ANS ily 4.2 1 
Rape. . ERT tei tre| lee 14s 5 18.9) RS a SOE 2 3.3 5 
Russian thistle. . scopacgsoge ceuenel| | Sets) TSO e le isyeey 215) 0) oP aL aes 0) 1 
Saltbushes, Atriplex spp... socaoneosr al. Gala] Mey) BiG) |) 2G") stb ais 25 
Spurrey, Spergula arvensis.............| 7.9 | 10.4] 11.3] 19.1 | 46.8 | 4.5 7 
MIVeEeh POLLO NES eee eee eb S| |-9.2 | 1225 | 2OR27| 43.5 [3-3 6 



642 FEEDS AND FEEDING 

Taste I. Average percentage composition of American feeding stuffs—continued. 

Feeding stuff 

Fresh GREEN ROUGHAGE 

Corn and the sorghums 
Corn fodder, all analyses.............. 
Dent corn fodder, all analyses.......... 
Dent corn fodder, in tassel............. 
Dent corn fodder, inmilk.....:....... 
Dent corn fodder, dough to glazing..... 
Dent corn fodder, kernels glazed... .... 
Dent corn fodder, kernels ripe......... 

Flint corn fodder, all ne ia Rn wierd 
Flint corn fodder, in tassel. . 
Flint corn fodder, in milk.............. 
Flint corn fodder, kernels elazed. . 
Flint corn fodder, kernels ripe. . mere 
Sweet corn fodder, before mill stage. oe 
Sweet corn fodder, roasting ears or later 

Sweet corn fodder, ears removed....... 
Sweet corn ears, including husks........ 
Corn fodder, pop. : ea 
Corn stover, green ‘(ears removed). eee 
Corn leaves and tops. . ie ee 
Carnes a ime eset relia tone 
@omihuskst: pee sneer ees ceoe Mee 

Com stalks, Strippedis.6.--4.:hi55, exe aege 
Kafir fodder, all analyses.............. 
Kafir fodder, heads aa showine: ee 
Milo fodder . Rea ea tere 
Sweet sor ehum fodder. . 
Durra fodder. Seen Sane 
Broom-corn fodder...............00-. 
Suear canes cee vocai. sia deaden po a nee 

Fresh green grass 
Bent grass, Canada, or bluejoint, Cala- 

magrostis Canadensis. 2: ......209++.% 
Bermuda grass. 
Bluegrass, Canada... 
Bluegr. ASS, Kentucky, all analyses. . 
Bluesr ‘ass, Kentucky, before heading. . 
Bluegrass, Kentucky, headed out....... 
Bluegrass, Kentucky, after bloom...... 

Bluegrasses, native. 
Brome grass, smooth. . 
Brome grasses, miscell: aneous. : 
Bluejoint grasses, western, And opogon 

SPDs sen Saat 
Bluestem erasses, “Andre opo gon spp. Nee 
Bunch grasses, miscellaneous. Pee 
Chess, or cheat, Bromus secalinus. . 

Crab grass. 
Fescue, meadow. ~ i Nes Pe 
Fescues, native, Festuca spp. Ee. ae 
Guinea grass, Panicum maximum....... 
Grama grass, Bouteloua spp............ 
Wohnsonserassiee ss ci > tt uci oe ee 
Meadow foxtailiec.. oi 8s. ea ye ee 

CON OWWORD COROMURO NOHARLO 

ONNRFHEENH HWH EE WH BREN RRR NNN RRR e PID RRWOH ANN ROCW NOWHWDHOS BNYHHHEDD DOOMNHA RW 

A 5 & 5 nee a ~ 

De ame weROe MOHWHENO NOHOORW NAOHHOH fk ee HOO RB BOOM HP Re ee ee 

MON RON ERDOK woo HNNDOWH Dio wihorbhwom amNhy POWHOOH 

WWNNNNE ERNYN WHd FHWNNNNe 
Den W MON NWOD 

NOUAMRW DRO wwownmowhsy who oON 5 ¢ ROO MNOMH PORE saIaI om a So 

Carbohydrates 6 

protein} Fiber 

.| Per ct. ;. | Per ct. 

e 

DDHONNAAO H$DERODKHRST ENOEWWHE 

— OU 

8 

extract 

ASTD OUR Be Orr 

= 

WOENWOORAH COROOWR PUHNAN] RNYROWED MWHOOHHOM ORWONNA NNOORDD WNWKUNBMOO 

OWNOMHH CbminNwm OWS NOWNIWON 
BUENO MOND NEW ARWHHOO 

— TGS aa 

HKOOCOHOOCOCO COOCONS COHOCOO HOOOCOSDO SCOR OOR PUP BNOBRBROR AWHOUBA CHRORWAD 

fa ee 

WOOUMNDOO HNMNO CUwW WwwNNoN BKOOCOCOHFH HRFRO 

OU 

— 

WNWONWW CLOT iw) 

ew WwW NOS NPNNONW 

—_ Ow 

me co 

EB RWRHONWND Me 

— 



APPENDIX 643 

TABLE T. Aver: age percentage composition of Ameri ican feeding stufls—continued. 

Crude Cc arbohy drates iN 

Peeding stuff Water | Ash ea Fat | anal- 
Beau protein} Piber eee yaaa 

FrresH GREEN Ras GHAGE—Ccon. Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 

Fresh green grass — con. 
Millet, barnyard. . sucdaall sot |) MeO Way | Bee Wale I OL 43 
Millet, common, or Hungarian. Witgeeel ede OW NSL 4s te soul eek, 19 
Millet, hog, or broom-corn. . sdonesal) Was WS OO eek | ee | OL 11 
Millet, Mearlioneut-calle asaee eee a. Psles 6) |e S) | Gra SeSalaeORs 5 
NMixedierasses; iImmature.../.)........| 70-3 | 3.01 5.1 | 6.3) 43.85 fs 6 
Mixed grasses, at haying stage.........| 69.2} 1.8] 3.0] 10.6] 14.1] 1.3 a 

Oat grass, tall, or meadow oat grass, Ar- 
rhenatherum elatius aA addeoboono coal CAG I) PaO Baecey a aa) soy Nab TSs Il ay-C) 31 

Orchard grass... 600... CORSH |e 22 5h 29) sO Sil O) ete 57 
Para grass. . SOA eS 2.4 Woe 9 .2)) 13.4 0.5 2 
Quack grass, Agropyron repens. See esis ll) CORO tau 2. Old |enei ey |i Omit Ove Ue 6 
Ae neha ae eae eee er ai(POOMAR IR 2: Ammer s) 3. RY Guia ace 1.0 8 
Red top. . SES Sig io GbE E Rone Coenen nO OEE i Soil | I) |) S02 Well 16 

Reed canary grass, Phalaris ar Lae babee 63.0 2.9 SEO PLO Melee il 5 
Reed meadow grass, or manna, Panicu- : 

laria Americana. GOPSR Zeon 2.6) | LOO 14): Si OKG 3 
Rhode Island bent erass, 3 Agrostis canina Y/R) BB BO TO. sO) 0)..7% 3 
Rowen, mixed....... oH} sh |] Zee GE WP eSi IT aS hes 6 
Rye grass, Italian. spon ceonecoeel! CO) wcll SSI MG || alsy ZS eae 25 
Rye grass, perennial. . eee ahaa tees al te On lh Gisvalle sy u eels 25 

Rushes, western, ime: SRP: sencvecocl! Gal Mee Bie Ossi) Weald OC 11 
Sedges, western, Carex spp. . seseocal) GHG I Ba Bis Pal 42) eo] al al 15 
Spear grasses, miscellaneous. . f aE PW Bey el 7/ i) Cle) 1.0 13 
Sweet vernal grass, Anthoxanthum 

oderatum. a duos omogoe abi aal| aber) Il PAO) Why ORS Ih Moye a tasets) 1.0 6 
Teosinte. . seracnoccaaasl! Usad Ap 240) I Wey Bez WOeZ! IO) 19 
Timothy, all analyses. . ini a oes B eral] ana I) CRAB NS ale ealT bay | ease Fa lege 88 
Timothy, before Dloomees et ees 75, Sa lkediczale- ore Moh el On| a Olea 5 

Peau lOO eave te sass al OF60) | @ 21.0; | 2U7 [10-4016 1h 1209 15 
Timothy, in seed. . {| BEI | Aes] @dyal ys 8} | Gebel |) aS 13 
Timothy, mountain, Phleum alpinum. . G2EOn Le Sr ioe ON LAE O RS Sil alO 3 
Kaas Eranses, miscellaneous, Agr opyron 

OE alone AcOn mond la2ieokn ele 15 
Wild ieatley or foxtail, Hor eum juubatiom (Theo) |e dad) HUA Te aL Ra TE ah alle 9 
Wild oats, ‘Avena fatua. . Gee Boe | BO AO wall ss Pl 5 
Wild rye, Elymus Canadensis.......... MORN -2e2 Sede GeO Boeoulin dao 5 

Green fodder from the smaller cereals 
Ee CS ea a re QOLSs le 2el Corot eGOn| IOs Se Ons 15 
Buckwheat, depress; 6324515 13-64) 426517 S20) 192 5u1h Or9 i 
Oat fodder. . CD I rol |! S3G23 We 3 If ale) thal 22 
Oat fodder, 8 8 in. high. . Se OL ele Gal A On ti 4 Ol OFS 1 

’ Rye fodder. . CS UA ee ONT only OF One Ong 38 
Rye fodder, 5 in. high. . SU OR | ieee OLD e non ORO eon ORO 1 
Wheat fodder, all analyses. . Jone meee al CO Paste Sy 277 oax TP IS I RS 15 
Wheat fodder, 5 in. aie an (5.82 |b 3.0) GSR les Oe) LOma) YO) 7: 1 

Green legumes 
Alialiay alanalysese isn ane ss. -5.. | (aetsl) 2.45] 4:5 1) FOO |" eo We 14s 
Pe oe wea SOB eae ae dail eon | eee Ol Oe 11 
Alfalfa, in bloom. . TAP eA On) Ae 4 le ome, | O88 PA | 
Alfalfa, after bloom. . COZ | 22m 2 Ol Rm elie Si OL 6 
Beggarweed. . Re C229 yd ay 4a 2ulew Growin: a .\) . 0.5 3 
Clover, alsike. . MON 24a Sede | OR omoO. 7.1). O06 17 
Clover, alsike, i in bloom. . (SEO EZ 2 OorOm OPO NE Ovo taONG 12 



644 FEEDS AND. FEEDING 

Tasce I. Average percentage composition of American feeding stuffs—continued. 

Feeding stuff 

Fr RESH Gaunt Rods AGE—con. 

Green oe — con. 
Clover, bur. ee ee, Ae 
Clover, crimson. 
Clover, mammoth red... 
Clover, red, all analyses. . re dealer nav ate 
Glover, red, in bloom..............-+- 
Clover,-red:, TOWED. 2 a4 bee do oe 
Cloveriiswecta. stations nate nee 

Clover, white. 
Cowpeas. . 
Flat pea, Lathyr us silve stris, (0) Dee tale a 
Jack bean, Canavalia ensifor MUS. os sei 
Horse bean. 
Lupines. . 
Peas, field, ‘Canada. . 

Peas, field, miscellaneous.............. 
Kudzu vine. 
Lespedeza, or Ji apan clover. 
Sanfoin, Onobrychis viciacfotia.. 
Serradella. . ; 
Soybeans, all analyses. 
Soybeans, in bloom. . 

Soybeans, in seed. . 
Trefoil, eagle or black medic, “Medicag go 

lwpulina. . 
Velvet bean. . 
Vetch, common 
Vetch, Sy aide. ea 
Vetch, hairy . 
Vetches, wild. 

Mixed peer and grasses 
Clover and mixed grasses... ........... 
Cowpeas andicom 2.2.5 42see se ee 4s ae 
Cowpeas and oats. 
Cowpeas and sorghum 
Peas and millet. . 
Peas and barley... 

PeasiandiOatSsacsense fe nueeusetatte ere 
Peds, OALSS ANG PADG. 2 autism ge alten 
Soybeans sndeorn iad ee acta cece’ 
Soybeans and kafir. 
Vetch and barley. . 
Vetch and barley... +. -s0s- 050000 
Vetchrandiwhedte aso. ches a oesecnee 

Roots, tubers, elec. 
Artichokeisteisccotchsbuoeheticicn ate 
agit svete nme re enn a 
Beet, sugar. 
Carr ot. 
Cassava. 

Chari c.: eee eneeae 
Mian gel! ile sane fice iors se ete everett 
Onion. ata ee bake ee ae 

: Carbohydrates INTOUOR 
r SSS SS 

Water | Ash oie Fiber Nee) Fat ae 

Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 

79.2 Dino lyn 3.9 (hms Ib ers S 
82.6 Ihave 3.0 Ad 7.4 0.6 22 
74.9 21:3 4.0 (haces, Phe) ORD i 
73.8 DA Aa (eat |) bby 10), 85 
TEARS 2.0 4.1 Se25 | leek ahaa 36 
65 .6 Bao ay.) OP POR? 3 a 
75.6 Dal 4.4 ec OM LOZ Oe 18 

(hed 32 ate 4.6 4.2 9.5 0.8 6 
Son 7480) 3.0 3.8 60) O05 144 
ies) 1.6 5.7 | .6.4 8.0 0.8 8 
76.8 Pith Deo) 6.4 8.4 0x5 1 
82.4 2.0 3.6 4.2 U8 OR5 5 
82.6 1.6 3.4 4.6 7.2 0.6 9 
3.4 AG 3.6 4.0 6.9 0.5 30 

81.2 1.6 Bye 15 3 8.1 0.6 16 
69 .4 222 55) Spon Lowe iL) 1 
63..4 3.5 Goal OME 47, 1.0 1 
74.4 2.4 3.8 Ge2 ea 0.8 4 
CI.8V 1; 340 2.9 4.8 8.8 0.7 8 
76.4 2.4 mall 6.3 9.8 LO 145 
79.2 OES} 3.9 5.8 8.2 0.6 8 

LOND 2.4 4.0 6.4 | 10.4 1.0 21 

CH 3) PRES) 4.5 5.6 9.5 0.8 2 
82.1 2.0 Sn) ol 6.6 (7 1 
79.6 Del 3.8 520 8.5 0.5 14 
12.3 Byars nid Sroe aloe) ORS 5 
81.8 Pi PA 4.2 5.0 6.3 O05 21 
75.4 A Al oli 6.9 | 10.0 0.5 6 

(OPEL 1.6 BHO) SOM lee 0.9 1 
80.0 1.8 2.1 5d) | 10-4 0.4 
78 .2 Dee 4.5 Dad, 8.5 0.9 
81.3 1e¥6 1D 5.0 9.5 0.5 
80 '3 2:6 2.6 6.6 6.6 1.3 
79.8 We 3.6 ong 8.9 0.8 1 

77.4 2.0 Ome 6230) 1Oe1 ih) 
82.1 Death opel 4.3 10) 0.8 
76.2 ars Pye 5.4 | 13.2 0.8 
82.9 Dial 220) 6.2 6.2 0.6 
80.0 2, 2.8 (365) 9.0 0.5 
U3eo 223 3.8 (easy |} APA) 0.9 1 
10.2 6; ey a0) TAM Alea 0.6 

79.5 WA 2.0 Ocsr 529 0.1 22 
87.0 38) IAG) 0.9 8.9 0.1 23 
§3.6 il paal ILA) TOR |Z 6 0.1 86 
88.3 12 12, Tok 8.0 0.2 18 
67.4 1.0 ial 1.4 | 28.8 0.3 3 

79.5 0.4 0.7 22a ORS 6.6 re 
90.6 1.0 1.4 0.8 Gal 0.1 38 
teen aval hy 10) 25) 13 0.7 DO eInORS 6 

aS 

COIN RF eCWD RFPWwWNWwro 



APPENDIX 

TABLE Il vAvEr age percent we composition of Ameri ‘ican feeding stuff s—contin Ue d. 

Feeding stuff 

Peace Guan RovuGHAGE—con. 

Roots, tubers, etc.—con. 
RATS ae. eee. Fe A ate a em ie Ah cools 
RO UAEO Mere Sree ete tonnes tice yaa ers 
Rutabaga. . 
Sweet potato. . 
Tia Le eee OER Be 

Miscellaneous green forages 
Alfilaria, Hrodium cicutarium........... 
ANjssl@ae Bash iowetor din We cise Ge te ole Geterer 
Se ae aes ae a aoe 
Burnet. 
Cabbage. . 
Cabbage w aste, outer le: aves. ta Foe ee 
Cactus, ¢ cane, entire plant. . 

Ques, came frit... eos e se eee 
Cactus, cane, stems. . 
Cactus, prickly pear. 
Cactus, prickly pear, old | joints. . nig ae 
Cactus, pHCKly pear, young Bolte ae 
EC Cpe erin: ee ee cas, 
Kohlrabi. . 

Melon, pie, or stock. . . 
Mustard, white, Brassica ‘alba... eae 
Potato pomace, wet 
Prickly comfrey...................... 
IPiniayolainjmCle Geo sscocuosee eau seopouE 
mcr] Sinn Maes Seated ore Ny cc ita al aay Ah 
Rape.. 

Riecinn thistle. 
Saltbush, Mastraliany 40.0 k 
Saltbushes, miscellaneous. ............ 
CEES eae eee 
Sugar beet tops ...... 
Sunflower, whole see vere is Neg 
Turnip tops. . 

SILAGE 

Silage from corn, the sorghums, etc. 
Corn, well matured, recent analyses. . . . 
Combpimmatlnes.)..25.s2...5..255 5.) 
@ompesanlyanalyses. .. 0... eee es sh; 
Corn, from frosted com............... 
Corn, from field-cured stover......... 

Durra. 
Kafir. 
Sorghum, sw eet. 
Japanese cane. 
Sugar-cane tops. . irae: 

Miscellaneous She 
Alfalfa. : 
Apple pomace... 2 
Barley. . 
Clover. 
Corn and ‘clover er. 

fara Neyer err Sat SESS 
= 

Br ay Ball) Beis A 
GO | TZ Te G8 1) mS 
G20) dedi ee Onl GG oulo wa 
HAT AN the Pye | Bal || wee 
80.4) 14] 14163) 98 
TORT 10) 12) Teo NO 
69.2] 2.5] 1.8| 9.9] 15.5 
Oh | UNG Te yal ROR et Ino 
TAG Obs | Gl) ez 
ZUG |) Onl 1.3 eskOnlett.s 

75-41" 2)0)!\, 3.5 | eaael 8.6 
79.4) 1.0] 1.6] 4.5 | 12.2 
75.0| 2.6] 2.6.1 9.4] 9.4 
TPO | Dasa Devel -OvOtpabegs 
Al | eos) Seema | 14.5 

CcCooocroed 

oye OH Owe 

SJSSyovw) WOW He 

RPE WWWR AWUWHadD HORwWwWhRO NRWNHORR COIOooKes SSeeecere Soeooeire) 

Sooo! Socioe 

IMO & 00 

HOORAY 

Ee 

Subd Cre IO bY 

Oe vO 

hb 

bo 

NWPONW OHO LWW OTE Hb Or (JS) 

Gada Carbohydrates 

Water | Ash protein] Fiber N-free, 

Per ct. | Per ct. | Per ct. | Per ct. | Per ct 

83.4 1S MSG I 33")}- Wal) 
78.8 al Die 0.4 | 17.4 
89.1 1.0 1b 1.4 7.0 
68.8 isi 1.8 1.3 | 26.4 

Sel OkO 0.9 1.4 Wo aya) 

83.7 3.0 Ba 2.9 6.8 
§1.8 0.4 0.5 Wess |} ise 
UBC 1.0 1.6 4.6 | 14.5 
80.1 2.0 3.0 4.6 9.6 
91.1 0.8 72 Ps 0.9 4.7 
85.9 orl ed 2.8 Onl 
89.6 2 0.9 ial 6.5 

81.4 PhO 1 3.2 | 10.4 
78.3 3.8 WS Ve Bah) WA 
83.5 3.4 0.8 2h OR 

sol] Sao B23 0.6 Qed 9.8 
sol| t8/ oll 2.6 0.9 IL 7.8 

88.7 19 2.4 1) 0) 
91.0 Il 33 2.0 133 4.3 

93 .9 0.4 ORG 1.4 3.4 
..| 86.0 PM 4.1 il? 5) 5B) 

91.7 0.3 0.7 0.9 6.3 
87.2 Dh 8 200 1.8 5.9 
A 0.9 1.4 Il gs 4.2 
89.7 1.9 Pare 15) 4.4 
83.3 22 2.9 2.6 §.4 

79.6 3.8 3.0 8 8.3 
vicws 5.4 3.7 A 9.4 
Te Onl 3.9 PLOES 
88 .4 1.8 1.9. wil 6.5 

6 2.0 2.6 Be, 83 
a3 2.6 3.6 m0) 1.4 

5.0 3.0 2.8 BS U2 Crd BH OL 7 Or 
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Taste I. Average percentage composition of American feeding stuffs—continued. 

Feeding stuff 

SILAGE—con. 

Miscellaneous ae 
Corn and rye. 
Corn and soybean. Pa Rien pape ahs cee ee 
Cowpea. 
Cowpea and soy bean... 
Field pea. . 
Grasses, mixed. 
ugee aman 

Oat 3.8 oe cee ata, ee ee eens oe 
Oat And Neh means can eoe Ae re eke 

Pea-cannery refuse. 
Rye. 

Soybean. . 
Sugar beet leaves. 
Sugar beet pulp. . 
Vetch. . 
Wet brewers’ grains. BY Ree ore droe 9 ote ee 

Saishnn and cowpea. 

Water 

Per ct. 

HNORWNNH NENWNNWNHNE WELWRONHW WOBDRMOUNOR 

Crude 
protein 

. | Per ct. 

OWFNWNWNH WNHNNNWWWNh ROMO OROM DONDWORN OH ROW ROMO M OONOONAAON CUO RNR OTM Or GON NO 00 WNT 

Carbohydrates 

N-free 
extract 

. | Per ct. 

— oO 

DPNAWNAW OWN AODTOP OVE 

Fat 

Per ct. 

NF OCR SE OR RR Re BP RE ROR e HORMWONW WWORRNHOON 

No. of 
anal- 
yses 

—r 

ONOATONOIrH 

ROrRNoah: 
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TasLe II. AverRAGE DicEstTipiniry oF AMERICAN FEEDING STUFFS, WITH 

ADDITIONS FROM THE GERMAN TABLES 

The coefficients marked ‘‘H & M’’ in this table have been compiled 
by the authors from the digestion trials reported by the State Experi- 
ment Stations and the United States Department of Agriculture. 
Those marked ‘‘L’’ are from the compilation by Lindsey given in the 
Massachusetts (Hatch) Experiment Station Report for 1911, and un- 
published coefficients furnished by him for this edition. To render the 

table more complete, additions marked ‘‘M’’ have been made from the 

German tables given in Mentzel and Lengerke’s Landwirtschaftliche 
Kalender for 1914. 

A. Experiments with LECT 

32 Dey Grete | Carbohydrates ir 

Feeding stuff 8 matter | protein} Piper Nee! Fat thority 

CONCENTRATES Per ct. |Per ct. | Per ct. | Per ct. | Per ct. 

Grains, es and their products 
Corn meal. . Nera eee 12 | 90 74 Oa 94 93 |H&M 
Corn cob. . J 3 | Syl 19 60 52 50 |H&M 
Corn-and-cob meal. . at 7) 52 45 88 8 |H&M 
Hominy feed. . pede emcee eels het) OO 66 76 90 91 |/H&M 
ieimeritccdes, a Wig 86 85 76 88 8 |H&M 
Glotentmeals 23s ioe ss feof est. 2. 10) Ik 88 85 55 90 93 |IH&M 
Genmeorimeslie scer cs aec,$ sales acciscs « 5 i) 76 73 75 78 9% |H&M 

Corn bran.. Gi} Al 60 al 80 80 |H&M 
Wheat, eround. . 4] 87 74 59 93 72 |H&M 
Durum wheat. . 2 ae 78 40 92 6 |H&M 
Flour wheat middlings. . Re he A AY Io) 88 36 88 86 L 
Stand: ard wheat middlings. . a eee ne ay ae 77 30 78 88 L 
Wheat bran, av. of all frials.....'!..'...1 20 |° 65 78 31 2 68 |H&M 
Wiheatibrans-winter. 2... ess. cseas5|) Oo le 64 78 28 71 65 |H&M 

Wihesinbran springs. se joeasee eel) at GF 76 43 74 62 |H&M 
Wheat bran, low Ee Ba seh Secale tos O62 63 28 71 92 |IH&M 
Wheat feed. . se AN Of} Ue 36 76 87 |H&M 
Wheat screenings. . ee alt Ay | 163 72 ah 73 88 |H&M 
I5hG aaa] |e Ae ena a PAN teil 84 ne 92 64 |H&M 
EMCO U emerge 2s. isa cele a) iB) ih BD 80 a 88 909 j|H&M 
Otero sca waney aera Lidell = ZO 78 35 81 87 |H&M 

Oatiieed; low grades, .0 95. 2552 25..0014 || 50 72 40 55 88 |H&M 
Ce CNIS Ger Cee aa 2} 90 80 49 85 93 |H&M 
Oat hulls. . i |) By 50 60 53 77 |\H&M 
Barley. . 15 | 88 78 56 92 78 |H&M 
Barley, eround.. 2} 89 88 70 93 86 |H&M 
Barley bran. . MIMS ets 3 = da AID 85 20 86 87 M 
penn | 5 | 78 77 87 80 8 |H&M 

Brewers’ grains; dried: 220). 3.......-.| 5 | ‘61 81 49 57 89 |H&M 
FEIMIMIET Ga eee ae eee eed es oiads yah EL) 80 64 89 88 |\H&M 
Ricemeslepe steeper eck sa SD 74 62 a 92 91 |H&M 
FuIGe WOlishiien 18 ice es-ehsevee 1 ce In -A!|) 182 67 26 91 82 |H&M 
Riceybraneees eet hse Ao 0 ee er. JG: |b GL 65 25 79 77 |H&M 
IRacethullssy ees ey ee ODN la 1G 10 1 35 67 M 
Buckwhestte nae toe dorset eel oe WZ 75 24 76 | 100 M 
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Tasue Il. Average digestibility of American feeding stuffs — continued. 

SB D Getds Carbohydrates n 
. d A hd a eT - 

Feeding stuff SE ate protein] Piper ee Hat Rise 

CONCENTRATES — con. Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 

Grains, seeds, and their products — con. 
Buckwheat middlings.................] 4 74 87 Bo 86 838 |H&M 
Buckwheat bran. . ree ae 49 AT 39 56 566 |H&M 
Kafir, ground, w ith legume hay. Aras eens Oe Ne 81 55 92 76 |H&M 
KXafir, in unbalanced ration. sa eee Oe 50) 47 44 51 51 j|H&M 
Kafir heads, with legume hay. Pil, Sey 2 63 61 SO 74 |H&M 
Ixafir heads, in unbalanced ration.......| 8 4 32 35 36 40 |H&M 
Milo maize, in unbalanced ration.......| 3 | 80 57 | 100 $4 88 |H&M 

Milletiseed, wholesiuwe. | seccruecaagea CO 59 Al 84 80 |H&M 
NU eae ae 6 71 Do 92 73 |H&M 
Cotton seed. . ; 2) 66 68 76 50 87 |H&M 
Cotton seed, roasted. . ae eee 2|) 256 AT 66 51 72 |H&M 
Cottonseed meal, choice and prit ime. seal bel) a7 84 37 lo 9 |H&M 
Cold-pressed cottonseed cake.......... 4 81 48 72 96 |H&M 
Gottonseedifeédita e+ kee a2 eel) 4 FeO 58 45 61 909 |H&M 
Cottonseed hulls... .2..... 5.8 2....... | 13a|" 41 6 47 34 79 L 

Flax seed. . Ee ere St ees canary 91 60 55 86 M 
Linseed meal, old proce CSSh eGo eee Jl Oued o 89 57 7 89 |H&M 
Linseed meal, new process.............| 4] 81 86 73 87 9 |H&M 
Cowpeamieall .. Sc. fhch6 aco: 2| 87 82 64 93 744 |H&M 
Horse Deans serine td ecicct aeern an OU 87 58 91 83 M 
Pea meal. . 2| 87 83 26 94 55 |H&M 
Pea hulls. . eee ok al 94 90 73 M 
Peanut cake, from hulled nuts.........| 7 90 9 84 90 M 

Peanut cake, many hulls..............] 2] 32 71 1 49 909 j|H&M 
Soybeans, ground. . 15] 88 84 sl 73 82 M 
Soybean meal, fat extracted. 2 92 99 100 68 M 
Cocoanut cake... era a Talo ROS, 90 23 87 | 100 j|H&M 
Palmmtit cake... .: tM le nara cd, 74 E555 93 100 M 
Rapeseed cake. aco abeciyt enw wae ot 81 8 76 19 M 
Sesame olleakke. = oo. ea see be eure. eel pee 92 73 fil 94 M 
Sunflower seed cake...................] 6 92 26 71 90 M 

Slaughter house and animal by-products 
SU loioaiaaud | aagee yes Went oe UM Chev em a meen rary lia yalne oi? bos 94 98 9§ |H&M 
WDriedsblood ees ow re eee See tee ane 84 7 H&M 
Wish mnesile eye eee ns tahe eee tees eet uni eel 78 100 |H&M 
Mleshtmeal 2 .ace ss ta wae nah epee a | arO 93 98 M 

Miscellaneous concentrates 
Beet pulp, dried. fee blac, eers's, 2 it|) ola ar oO 52 83 83 H&M 
Beet pulp, molasses=.i! tind. es pele YM lid OR ESO 62 80 91 H&M 
Cocoa shells. . nee le2 bs | eos 11 51 Tol LOOK. Ee ccuVe 
Distillers’ grains, largely from corn.....| 17 | 79 (3s | 495 81 95 L 
Distillers’ grains, largely from rye. AR det tits: 59 67 84 L 
Molasses, cane, or black-strap..........| 26 78 32) 90 H&M 
Molasses feeds:.........02...00.-...-| 8 | 68 61 50 79 | 100 j|H&M 

Drizp RouGHAGE 

Cured corn and ae forage 
Corn fodder, dent, mature.............| 3 66 45 63 73 7 L 
Corn fodder, dent, in milk. sae ee MPLS 63 50 64 66 75 L 
Corn fodder, southern dent, immature...| 4] 57 27 59 61 76 L 
Corn fodder, flint, mature.......:.....|/ 11 70 64 76 71 71 L 
Corn fodder, flint, earsiformine.o4.. seileeo 70 70 72 71 67 L 
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Tasue Il. Average digestibility of American feeding stuffs — continued. 

Sm D Crud Carbohydrates 7 
F a |= = Feeding stuff a: Bea protein| jher N-free, Fat ihority 

Driep RovuGcHaGcr — con. Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 

Cured corn and sorghum forage — con. 
mumeencommuoddel='.-..42..5.05.... a 6 |) 6% 64. 74 68 74 |H&M 
WOnmMSlOVER My. 45 bed oct cihde ods othe ss o[BDr |) D7 37 66 59 62 |H&M 
Corn leaves. . 4} 60 45 69 63 9 |/H&M 
Corn husks. . ok 5 RB cre ok ES (RD) 19 73 66 36 |H&M 
Corn stover, tops and leaves...........| 2] 60 55 7A 62 71 |H&M 

IVE WACOM PLOGUCt. 4. sin co fence css Ot OS 60 61 66 838 |H&M 
SAIMITEOM CEI N. 6.204 vod o Paes eats clan al Oi Oo 46 60 67 60 |H&M 
Gi MmreIRLOVEIpa aya hide sh cokae cin oes ob cl Dt 56 34 67 60 75 |H&M 
MitonOdderar trees chee 32, aie). ale tr le 52 16 51 61 68 |H&M 
Sarenonl 1G0der...2)2. i ie. see es so 0! p58 38 61 63 6 |H&M 
SOrehnimbacasseeaa. ee cece. aie Le le (Gl 14 64 65 46 |H&M 

Hay dean the grasses, etc. 
Bermuda grass... 5 ease Oe 9} 54 52 52 51 42 |H&M 
Black grass. ..... 5) | 56 58 59 52 4 |H&M 
Bluegrass, Canada... 2 |) 62 43 70 62 37 |H&M 
Bluegrass, Kentucky.. Ce 56 57 66 61 52 |IH&M 
Brome PT ASSH ince 1S Gs 51 59 64 39 |H&M 
Brome grass, w estern. Ze 60 68 53 67 1 |H&M 

Buffalo grass. . Sear ee Roots eats ere Rees 54 61 60 45 |H&M 
Bunch grass, incl. 6 ley yo cag ly 4 20 54 AT 37 |H&M 
Chess, or cheat. . ASAI sec oe le te 4 42 46 49 32 |H&M 
Crab grass, Tipe. ......-.0.0...00000-. 8 |) 53 4 60 53 43 |H&M 
HescuenmendOw.. 25... se. 44-:d00..04() 2 he 61 52 67 59 544 |H&M 
MTETISOUNPTASSS <2 550s ode earls heck othe Oty. OF 44 67 7 46 H&M 

Millet, barnyard. 4} 59 61 64 56 47 |H&M 
Millet, Hungarian. POD 60 68 67 64 |H&M 
Millet, pearl, or eat-tail. . 2 | 62 63 67 59 46 |H&M 
Mixed grasses, 8-10% protein. . Real iam lol 57 62 62 50 L 
Mixed grasses, low in protein.......... 34 50 55 59 49 M 
ineerisss taille. eee eh ace gael. «| 4a 1b 52 43 56 52 46 |H&M 
MEM ATCOTASS ao Sc ook ache dn ee os 3) || fits} 60 61 56 5 |H&M 

Quack, or couch BIBER. 3} 62 B/ 61 67 56 |H&M 
Para grass. . : eet ApS tLe TINS 53 AT 45 |H&M 
Prairie grass, western. 4d ket NIG 58 53 42 |H&M 
Red top. . Sere ete ete eno at ot lhe 160 62 61 63 53 |H&M 
2 crielhy, JET toot ier cree AN (ay) 74 71 61 49 |H&M 
SHIP RASSCSMEE SA tae Smid Gisj. mace akcc ee ain Ot IP 104 45 59 53 do |H&M 
SA MDUSDESMEse ers cosas sags esate al (6 <ol 75 14 56 41 |H&M 

Sedges, western . 2 || (O% 62 7 65 42 |H&M 
Spear grasses. .... 1] 62 62 al 60 43 \H&M 
Timothy, av. of all trials . 58 | 55 48 50 62 50 L 
Timothy, in bloom. . ae een ee mee Peee Ione By [men 57 57 63 48 L 
Timothy, past Bloom Me ed sss) ass et) Ge 43 46 59 51 L 
Wheat grasses, miscellaneous...........}| 6} 55 62 58 57 344 |H&M 
Wheat grass, western..............---| 10 |, 64 55 69 63 41 |H&M 

Hay too the smaller cereals 
Barley . et eh eee ees: <.. | Aly BO 65 62 63 41 |H&M 
Oat.. aa BE eos ‘le OF 54 52 56 61 |H&M 

ie ae ie Tequmes 
Alfalfa, av. of all trials. . a ohe sigs. 2 LOY, 60 71 43 We, 388 |H&M 
Alfalfa; first cutting. 5..9%0 2 sks... 21853) | 59 67 42 72 38 |H&M 
Alfalfa, second cuttmge.........:.....-| 21 | 62 76 4 74 400 |H&M 
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Tape Il. Average digestibility of American feeding stuffs — continued. 

AND FEEDING 

Feeding stuff 

DRIED Hoven —con. 

Alfalfa, third cutting. . 
Alfalfa, budded to full bloom. = eee sie 
Clover, alsike. . 
Clover, bur. Me 
Clover, crimson... .. 
Clover, red, av. of all trials. Piet. 2 

Clover, red; mi bloome 2 5. cfr. oe eee 
Clover rowen. pe aa ah ae Ata FG eos A eee 
Clover, sweet, white. 
Clover, white. . 
Cowpea. 
Lupine, w ‘ild.. 

12feGhaiban wants’: bad» Jar auetoh es occ See eee an 
UELTIL OL eee arent ee Pet ite. era atl 
SITE CCL cen ee el ee 
Sl arlene hg ea at nL RBAE pee 
Vetch, common. 
Vetch, hairy. . 

Hay from mi: ee grasses ay See 
Clover and mixed grasses, western. 
Clover and timothy...........-.: 0+... 
IPEastanGsOaitsuemeensscccame me eect 
Vetch and oats. . 
Vetch and wheat. . A ae 

Straw Si chal 
Barley straw. . Sorte 
Flax shives 
Ble Sage a ae 
Oatistta Wintec See Ce eee | 
Ostichiatieeertey, oe sees ee eae 

IRICGIStrawaracoe ac ways den en eras 
Rveietra we ice oeicmae autre aptabioregrttene 
Soybean straw. « 6¢lascues weaken cede see 
Wiheatistrawiee- enor piensa ee 
Wheat: Chait: ee ber. ft: soe eacs oles 

FRESH GREEN ROUGHAGE 
Corn and the sorghums 

Corn fodder, dent, immature........... 
Corn fodder, dent, inmilk............. 
Corn fodder, dent, mature............. 
Corn fodder, flint, mature............. 
Corn fodder, sweet, in milk............ 
Corn fodder, sweet, roasting ears....... 
Sorghum fodder, all trials.............. 
Sorghum fodder, in bloom ............. 

Fresh green grasses and cereals 
Barley. . BE yea 
Bluegr Ss, native. . 
Brome grass, western. 
Millet, barnyard. . 
Millet, Hungarian . 
Mixed erasses, immature. 

No. of 

aa 

Oo NINT OO CO 

= 

WORTD NOUNN 

—s 

— 

WOWwnw 

hoe ee | OWN Oe & 

wNOoonNnN o 

trials 

OouPPNWNoO NPR ORE 

Dry 
matter 

| ‘Per ct. 

Crude 
protein 

Per ct. 

Carbohydrates 

Fiber) | evict 
Per ct. | Per ct. 

40 70 
43 72 
48 64 
64 76 
47 65 
54 66 

53 68 
47 63 
34 72 
61 70 
47 68 
56 75) 

52 US 
36 74 
50 63 
57 64 
57 2 
59 ral 

12 70 
51 60 
58 61 
55 59 
65 68 

54 53 
26 43 
43 68 
60 51 
45 49 

59 46 
55 39 
38 66 
50 37 
39 33 

65 7k 
64 Ce 
59 75 
75 71 
75 81 
60 ee 
55 73 
62 75 

59 | .72 
45 60 
53 67 
69 70 
70 67 
66 75 

Fat 

SOC eee 

See See eS eee See Sle See ee Seeeee 

onli onl 

b Ls r ZaZz22 

Sooo eee 

SSS § SSSSS5S5 

SSS55 

a 

Sc moe = 

iw a Ss 

se}fsefaolzefas| 
ZeSeRee hme 
SSS = 
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Ms ‘ABLE it. Average digestibility of American an feeding stuffs — continued. 

ast eile Oe Dry | Crude Carbohydrates: : Au- 
Feeding stuff s ‘ | matter | protein Fiber pee, Fat thority 

Freso GREEN RovuGHAGE — con. Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 

Fresh green grasses and cereals — con. 
Mixed grasses, late in season...........| 4 56 62)" || 61 46 M 
Oat fodder... . Bae eo oe Ca aged (a 73 55 63 70 |H&M 
ROAM OT AGS: 0) fis). tice ahiceetetteten oot) eS 60 60 55 54 
PRCAPRUD ISO yes ee tne force ora A SN te sh 61 61 62 50 M 
ESVEMOUCEDS 84 ci ers ae ep ny ane TS DUA, 79 0) Is Zl 7 H&M 
BREIL eter, Sat sic ere ds eI ha] OO. 48 56 66 53 |H&M 

Green legumes 
ANDERE 83 eta Se BIA ERC ln Asha Eu Bey SR Og CRO hay LALO 74 42 72 38 |H&M 
WlOVErNCHIMSOD Me eke yee ee eet ie 56 74 66 |H&M 
MBI VEPRTOU cic. Ae Sb atte sa) votes cc seite aul. O00 67 53 78 65 |/H&M 
CloverroweMmer rainy. tens cee Selle 62 53 65 61 |H&M 
WOW Pea eek le Sites ais seh ceases, bAS 168 76 60 81 59 |H&M 
PO eerie er se a ie sm ia hci e okt en I yOS 7 56 76 57 L 

Rea nelds@amadacn. 2 Mss csiss.s asses 8 |, 68 81 49 74 544 |H&M 
Sanfoin. . OI te tags es ae a 73 42 78 67 M 
Soybean, alltrials.................... 23 | 64 77 45 75 563 |H&M 
DO MeAN IMO ss alle Seth oc es elon il 47 71 50 |H&M 
Wetchycommonman a cemacaass co eaciec|| 2.) 9 02 ial 44 76 59 J|JH&M 
MELCOMUAIRV MCR ee our e ciao macctans LAT ee E 83 64 Ue 72 |H&M 

Mixed legumes and grasses 
Reasandoarley sia .c jc das cess sown | 75 52 68 59 |H&M 
IReacematOatsaann a-ak asacdssoeaecaale LOU 70 74 59 68 64 |H&M 
Wetchyandtoaitsh a snaseseec cae a 3 Od 75 68 68 47 |H&M 
Wetchiandiwheat: 4 2s eeeasecoas sect | (69 74 68 73 ov |H&M 

Roots and tubers 
PICCUMSUP AI Site ais ea CAN SOLE hers 72 34 97 M 
WarrOler es ets oe ee eT EMERG 76 | 100 94 | 100 L 
Nami 2 Clie sate meee ies Heh cenallt MOGI eee 59 78 94 H&M 
IROUNTOMPEAME tists sete Gare. bs ule ania al 80 an 51 90 M 
baba ramen eR ts eee im cmrtocteiciclt saiule Sa 80 74 95 8 |H&M 
Sierra ee ee ede ed Ole | BUNe Bays eg M 

Miscellaneous green forages 
Cabarete ene MP tee cet emg ale) 4 | 93 86 | 100 99 56 L 
Cabbage waste, outer leaves...........] 2] 74 64. 78 84 37 L 
Cactus, pupkly pear: 4] 65 50 47 81 68 |H&M 
Kale.. she 4} 68 81 59 76 66 |H&M 
Pumpkin. algo 77 61 89 92 L 
Rape. 4} 86 89 87 92 49 |H&M 

SILAGE 

Cor, dentymature:2 42.2.5. ...... 1 27, 66 51 65 (a 82 L 
Com*ydent mmm ature eae. et) ss LT Mh 64 53 68 66 71 L 
Clover. . SS hii oosce. lI 9D |) 43 34 48 45 45 |H&M 
Corn and soy eit dy arene 8 | 69 63 62 TU 838 |H&M 
OVC fa perce eM Ne esau ane d 4] 60 57 52 73 68 |H&M 

Kafir, well matured. . eer a Ou (0D 57 62 50 L 
Millet, barnyard, and soybean. Bee fe peepee || 59 57 69 59 72 L 
Oat and pea. . ee tT O08 75 61 67 75 |H&M 
Sorghum, well matured. . TNE ASS b pigs tal MONE te 58 64 SOmet mle 
Soybean. . SCR Ree tae eh NaH POO. 66 53 65 57 L 
WEbCHEe ey Cnn mie sepa ees. SAS Zl Oo OO 63 67 7 |H&M 
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Tasue Il. Average digestibility of American feeding stuffs — continued. 

B. Experiments with Horses 

“paw 3.4 | Carbohydrates 
: eee ie D) (Crud esl aeeeecce Soa Au- 

pa te P Gass ae - SE maateee pita Fiber Pgs) a “thority 

| Per ct. | Per ct. Per ct. | Per ct. | Per ct. 

Gries ho hk eee Lue 74 58 4s 83 48 |H&M 
Corn meal. . 2 188 76 ee 96 73 |H&M 
Oats cere 34°) 2. 80 29 75 71 M 
Timothy hay . ; 2 44 21 43 47 47 |H&M 
Meadow hay, excellent. . Aa ae 63 48 65 22 M 
Meadow hay, good. . eral llr 58 39 58 18 M 
Meadow hay, poorisni. 00+: ha wesgene | 12" 55 38 52 29 M 
Alialia thay) ota > fie ca ineeetas ree) ORY i 46 70 14 M 
Cloverhay, red) ic). Jc tans yee ton 56 3 63 29 M 

C. Experiments with Calves 

Whole milk..... eats 2 13 94 98* 97 JH&M 
Pasteurized w hole milk. ote) eee ae See) 93 98* 06 |H&M 
Cooked whole milk. oe melt aS 87 98* | 95 |H&M 
Skim milk. . Pre vette 3 | 95 98* .. |H&M 

D. Experiments with Swine 

Shelled corn. Bonleot 3 44 92 64 |H&M 
Ground corn. 47 87 76 46 93 64 |H&M 
Corn-and-cob meal. 1 76 76 28 84 82 |H&M 
Wheat. 2 By 80 60 83 70 M 
Red dog flour. Dae Si 88 A on 36 |H&M 
Wheat middlings (shorts)... 9] 82 83 30 86 838 |H&M 

Wiheatibransssemessee sete onan ere eee OO 75 39 66 Ge, M 
Barley. . 29 ae 77 12 89 44 M 
Rye. 4 ne 84 10 94. 41 M 
Sor ehum seed. . 9 ae 60 20 83 13 M 
Broom-corn millet seed. . 1 73 68 i333 92 59 |H&M 
Rice. . Raat ANA ge FR eo eat Alin alt ae 86 ie 100 70 M 
Pea Weal) tate Se bul atl ous, ae nats atl 90 70 96 49 M 

Linseed meal, old process............--| 9 | 78 85 16 §2 70 |H&M 
SOyDeamMGal Nie eset mame iene etn | eo nt 84 30 | 100 84 |H&M 
SU abantinabl lbemun amenity, waka ants ias 5 ga ees mee aed) 100 ay 100 100 |H&M 
Dried blood. . il 72 72 92 ee M 
Tankage. . tt Ue. one ak doaiee? oe, eeeneeetl @ EO - 71 100 100 |H&M 

Pork eracklings. «5.0 +0-002 so 20 | 100 94 We 100 j|H&M 
Potato. . Sad es ie 4 97 84 98 a L 

*Assumed. 



APPENDIX 653 

TasLe III. AVERAGE DIGESTIBLE NUTRIENTS AND FERTILIZING CoNSTIT- 

UENTS IN AMERICAN FEEDING STUFFS 

The data for the digestible nutrients in this table are derived by 
combining the data in the two preceding tables, according to the method 
deseribed in Article 69 of the text. Where no digestion coefficients are 
available for any feed, the digestion coefficients for a similar feed have 
been used and that fact indicated by an asterisk. The total digestible 
nutrients given in the fifth column is the sum of the digestible crude 
protein, the digestible carbohydrates, and the digestible fat >< 2.25. 
(69-70) For the convenience of the student and farmer in computing 

vations, the sixth column, showing the nutritive ratio of each feeding 

stuff, has been added to the table. 

The fertilizing constituents given are mostly from an exhaustive com- 
pilation by the authors of the analyses reported by the State Experiment 

Stations and the United States Department of Agriculture. A few 
values have been taken from Mentzel and Lengerke’s, Landwirtschaft- 

liche Kalender for 1914, and other sources. 

Total dry Digestible nutrients in 100 Ibs. ba Foralizin’ constituents 

Reomae ant 7100 Ibs, Crude | Carho- ratlons| (litres [ees 
| Protein ‘hydrates Fat Total gen ae Potash 

CONCENTRATES Lbs. || Lbs. | Lbs. | Lbs. | Lbs. } 1: {| Lbs. | Lbs. | Lbs. 

Corn and its prodnes 
Dent corn. ee ee eS Ord ied codlGd ee (e426 (Sor ie LOR 1G) 2) 1G. 9) PANO 
Flint corn. ee eee STE 8) RC OG! (4368452) S98 Ol CNG le Gr SilkeoeO 
Sec eee enn en fa) 160) 4) bee 5313.35 (66.7, Falla tld 8) Seas lesa 
Sweet corn * te ee ESO dail | GwonOAnonar(ason| OO e 41 i ORI At ies) pen ees 
Pop corn *.. Ae eee OU L Gr |e SEO GG 2S) || SGno) 0 eS: GI IGE4: | Scere ieee 
Corn meal or chop. . Pid ESS |e Oe 9N69- 0325 18328), 1111489) Gales 

Corn cob. . 5 See eee E00 NOFA ATS ORI 4Se 1 AIOE 3.25 Oe eGuG 
Corn-and-cob meal. . seco sea] BOG |] GANGA Bad So TON eS Gass |) G8 
Hominy feed, high grade. .| 89.9 || 7.0|61.2| 7.3 |84.6|) 11.1]/17.0/12.4) 9.5 
Hominy feed, low grade * ..| 90.9 || 6.3 |64.1| 5.6 |83.0] 12.2)/15.2|12.5| 9.6 
Hominy, pearled *.. coool BOE) BAS MUN Bea Nee! AI} oN I) Ass |] AL 
Gluten feed, high grade. . ..| 91.3 |/21.61)51.9| 3.2 |80.7) 2.7//40.6) 6.2) 2.3 

Gluten feed, low grade *.........| 91.2 |}15.1/57.8| 4.8 |83.7| 4.5]/28.5] 6.2) 2.3 
Gluten meal, high grade.........} 90.9 ||80.2|438.9] 4.4/84.0| 1.8//56.8| 5.5] 1.2 
Gluten meal, low grade *........| 91.8 ||23.2}44.1] 9.7|89.1] 2.811438.7) 5.6] 1.2 
term oil meal, high grade.......| 91.1 ||16.5]42.6]10.4 |82.5| 4.0)/36.2)13.2) 2.5 
Germ oil meal, low grade *...... 92.2 110.0}50.3)10.0 |82.8| 7.3]/21.9 |18.3) 2.5 
Gorn brane.) ches | 9020) |) 5:8) 56-9)) 4.651.731 | 11.6) 15.5 1 622)\oe4 

Wheat and its prodigs 
Wheat, all analyses... Pet 289 Sale ore Odeo nda Onin zee cl|| LORS) |p SicGi| tore 
Wheat, Atlantic states. 88.8 I 8.7 167.5] 1:4)79.4) 8.1118-7 | 8.5522 
Wheat, Minn., N.D.,S. 10) , Nebr., 
1 EET s hand eS nee ante Se ie ae 89.6 ||10.0|66.3| 1.5]|79.7| 7.0)/21.6) 8.6) 5.2 

Wheat, Miss. valley, exert 
above states. 89.5 |} 9.1167.5| 1.4|79.8) 7.8||19.7| 8:6] 5.2 

Wheat, Rocky Mountain states...| 91.5 | 9.8|68.1| 1.6|81.5| 7.3||21.3| 8.7| 5.4 
Wheat, Pacific states. . ....| 89.1 || 7.3]69.11 1.4179.6| 9.9/5.8] 8.5] 5.2 



5-4 REEDS AND FIEDING 

r ABLE ii, Digestihle nutrien mits and fertilizing Constinue nts— continue 2d. 

Total dry | Digestible nutrients in 100 lbs. ae E | Fertsing const uents 

Eeatog at Naik | orate | ao "ai [me | BOE | e arN0- Yro- c 
protein [hydrates Fat Total Ba phorie Potash 

CoNCENTRATES— con. Lbs. |} Lbs. | Lbs. | Lbs. } Lbs ilg Lbs. | Lbs. | Lbs. 

Wheat and its products—con. 
Winter wheat.’.................] 89.1 || 8.7/67.8| 1.4179.7) 8.2]118.7| 8.5) 5.2 
SD eR ee ae 89.9 || 9.2167.2| 1.6|80.0| 7.7/|20.0| 8.6] 5.3 
Durum wheat. . Dente ee eee ESO RO LIMO GA Zit LAGI hioeo: ime One| 2m alate One mes 
Polish'wheat®.. 2. .22... 26.022. 190-5 1/1570) (6089|) 122178265) AON Boe besa Gilt oes 
Wheat flour, patent ie Dee etal) Olen | SL OORGHEO Ou OR Tal Sei 745 2a Os ele 
Wheat flour, sraham *. 2. 2..)4..).)(SScO) 12 1 Ole) L807 33) 2 5A) 29645 h420 
Red dog flour*................ 88.9 |}14.8|56.5}] 3.5/79.2| 4.4]/26.9]20.0| 7.6 

Flour wheat middlings..... 89.3 115.7 |52.8) 4.3}78.2) 4.01128.5 Arai lt be 
Standard wheat middlings (shorts) SOO 13. 44692 | 4°31 69.3) 459197 77 1 20 es 
Whe ao been a anaes ...| 89.9 1112.5141.6] 3.0/60.9| 3.9]/25.6/29.5/ 16.2 
Wheat bran, winter.............] 89.4 }/12.2/40.9] 2.9/59.6) 3.9//25.1)29.3 | 16.1 
Wheat bran, SPrMG 25... eee || OOO 11 9/4331 S20 6220))2 AQ 2b ed 20a Gi 
Wheat bran, low grade *. 22 90205) 2S AL |i 3..3)| 56235), Geo 19801) 29.51 iiGs2 
Wheat feed (shortsand bran).. ee 89.9 1}12.9]45.1] 4.0/67.0| 4.21126.9121.9/ 8.8 
Wheat screenings. . see ne ee sf O98 |) 92614731, 3.6 165.0 | 5-8 1121.3.) 7.4 17e6 

Rye and its ee 
yes: Seg ee eee |) DONG QeOH6SAs ede Sl ON eo AS Oh eee ou mond 
Rye meal or chop fee eee © 18890" G8 2167 6:19 23 17 ORee | 7a eon ee 
Rye flour * Pee Bets 88.82 6) S822 16261 1210' 057) SOmON valde OPES ieee ere 
Rye middlings *. weve fesce+e [288.6 (112261155 .5)) Sol (75e1 1) 601/259 1 babi 
Rye bran * See | S262 23 56nd! toon oma leer ees 2A moy lean Ome 
Rye feed (shortsandbran).......| 88.5 |112.2|55.8| 2.9|74.5| 5.11245] 5.6| 4.6 

Oats and oat products 
Oats. . mh peu emata ee GQOSSa RONG D2al eons OnAals sO LONG t ic elem 
Oats, light weight *.. Sess ee NOL Bal 926 49 5a Ae G83: OL MOG Seeing 
Oat kernel, without hull*....... OS VATA 5G [Vid toe) SOL0)|, Ge) 22298 iss eee 
Oat meal *. ay Rees SI O21 2ES SOLON GsOWN Sane 5).5:||2026) ieee a 
Ground oats, high ¢ erade*.......| 89.2 || 9.4]51.4| 4.1]/70.0| 6.4l119.4] 8.0] 5.6 
Oat feed, low grade. . fe 5389.8] 659 1370S. 2) 51.1 Ge4 54s on 9 ORS 

Oat middlings..................| 92.7 18.0 |54.9], 6.3/82.1] 5.3/126.1/12.7/ 6.9 
Oat bran fer ee hee 2 HP 98.6 828136) MSO) GS.71) nee al Oe oyna dees 
Oat dust *.. ee a GBA COAT BA On a Sh Dom dale enon Oe i 
Oat hulls. . EV OBE 204522 Val Si SOR | QA NG ean 2 Ui ones 
Corn and oat feed, high grade *  |+88.6|| 7.3/60.6| 3.4|75.6) 9.4//15.4] 7.5] 4.8 
Corn and oat feed, low grade *. 90.5 || 6.0/52.4| 3.1/65.4) 9.91114.2) 5.7) 5.1 

Barley, its products, and emmer 
Barleycee) .cnteatiset soe aetna 90.7 || 9.0/66.8| 1.6|79.4] 7.8)/18.4] 8.5] 7.4 
Barley, bald *...:0... 22.22... .|/90°6[)8:4)//60°5)|, 2:0) 30545)" 8:6) 1723 Nae 
Barley feed *................-.| 89.8 10.8 /54.6] 3.0/72.2) 5.7|/20.3)12.8) 8.9 
Barley shorts'* 000.2... . 42.0. | 89.8 1)1010i5205)) (S471 2h 5 2525) 20) Oi eee 
Barley bran. ...0..0. 62.002. - 02) 98-4 NOT 0 524 2001165 24) 2 OA: OOM a oes 
Barley screenings *.............] 88.6 || 8.3]47.7| 2.5/61.6| 6.4/18.4] ...] ... 
Malt *.. 600i. cece ce oe cee teens] QAI2 NESS G2e 7S e2Sh 74a DSi Sn MOR DaeARS 

Malt sprouts. . pce tAR! 92.4 120.3 |47.4] 1.3]70.6| 2.5)42.2/16:5/18.3 
Brewers’ grains, dried. . 92.5 |/21.5|30.5| 6.1|65.7| 2.1)42.4) 9.9) 0.9 
Brewers’ grains, dried, below 25% 
protem *0.5. ee 91.8 ||18.7/82.1| 5.7/63.6| 2.4|1387.0] 9.8] 0.9 

Brewers’ grains, wet * So QA TWANG SE Aon L674 (nes Oi Ouelts ieeeAy e ORS 
Emmer (spelt). . Le AN OLS) ||MO a 68a el eG. Onlin ela iLO RON Race Gnleornd 
Emmer, without hulls *...0. 0... 41 SO !5 | 119 162232. 279) 25 73) Bil malas 



APPENDIX 655 

Tasie III. Digestible nutrients and fertilizing constituents—continued. 

Total dry Digestible nutrients in 100 lbs. ete, Perla ii 

Feeding iat “100 Ibs. Crude | Carbo- | rauid Nitro 
| protein hydrates; Fat Total | cen thor Potash 

CoNCENTRATES — con. Lbs || Lbs. | Lbs. | Lbs. | Lbs 1 Lbs. | Lbs. | Lbs. 

Rice and its products i 
Pere ere ee eka 90.4 || 4.7|64.6| 1.7|73.1| 14.6|/12.2| 4.9] 2.6 
Polished rice * Pee weal Ieee Ollie ON OP4il (Sra 16 Oily Silla foo 
Rice polish... .. eee ot SOLON 8. ONDe 25) 7-5 8220) 9.3190) 38028) aes 
eos bean, high evade... ......| 89.9 |] 7.9/38.1} 8.8/65.8} 7.3]|19.4| 22.2 | 12.0 
Rice bran, low grade. . see co ol) BOs I] lk WR CO af sy IL each Naled Ab ea (6 | Ie 
Picemncal eee a es Oo 5% 348. 1110.6 179.2) 9.8 |18.91|) J. ime 
Pee sn ee ete Oh fall NOelL2).3|(h Olie i) 14)! 46:.3))) o.3) Or Gilnoae 

Buckwheat and its products 
Perc ewe eee ate es ee Odo Sa 49.24 aes 6.24/06. 81.3 |) LOLOiN a0 
Buckwheat flour *..............| 87.2 || 5.9|58.0} 1.5/67.3| 10.4//12.6] 4.4] 1.9 
Buckwheat middlings. .........-| 88.0 |/24.6/38.3| 6.1]76.6] 2.1]/45.3)238.4/)11.8 
Buckwheat bran, high grade. .... 88.8 ||10.5/30.4) 3.2/48.1] 3.6]/35.7)16.5]10.0 
Buckwheat bran, low grade *. ...| 89.9 |} 2.4121.4) 1.7)27.6| 10.5)/17.1) 9.4] 9.1 
Buckwheat feed, good grade * ....| 88.2 || 9.1/380.2| 2.9145.8} 4.0)/30.9]11.0) 7.9 
Buckwheat feed, py eater: ....| 88.1 | 3.7 |24.0) 2.1/32.4| 7.81121.3| 8.4] 8.2 
Buckwheat hulls * ee Oo ea OFA ilo Onl lorOit oseeulll (Olona seo: 

The Sergius; ele. 
Kafir grain. . ee ee ssi | OROn Gone: meznoi OOP Ol) e729) | ilies Si tovdalmoen 
Kafir-head chops. bebe sor coon nl oc Nol EO-Oi) CLOGS CON aye Tea one 
Milo grain *. . ee Seon ode OOm2n le ear lOO) emSiee) | (ideale egies Ae 
Milo-head chops *. ESO Call Orel Ooaln|p les lGSec|l mo solo nO aE 
Feterita grain * scan sonscc toll oN Oos /@GG.0)) Beaks lo Z/ ssh mee 
Wun erin * 6. lee eee eu GON W I) 8 - 2167 9), 27 8222)1 9.0) 16).2 
SNE TAM ey iareeee . 3| OOo LOS I66.3) 226)|(82.-2)|| 6721) 1120).0 

RE ere Fone 90.1 || 8.5/67.0) 3.3/82.9] 8.81/16.8 coal ec 
Sorghum grain * Sood cus cual) ce) IN 0 |CO.2 1) AO Oe ||) DaOy ese KN Bs 83 
Broom-corn seed *. . St620 HI) aa) OGY) |) PAO WO) SesiiMG |] os. o |ce 
Hog, or broom-corn, milletsced ...| 90.9 || 8.4]/63.7| 2.4|77.5 8.2||18.9) 7.2) 5.2 
Foxtail millet seed.............. 89.2 || 8.6|60.6| 3.0|76.0] 7.8]/19.4| 4.6] 3.7 
Barmyard milletisced * 27) ...... 3|/89.8 1 7.657 0) 3.4)72.2) 8.5071) 0...) 2. 
Pearl millet seed...............| 92.0 |] 8.3/64.7| 4.9/84.0| 9.11]/18.7 

Cotton seed and its produ ucts 
Cotton seed. . ea Oe Gull kde 29/6) | 1625) S0F0) |) 25/0) 31-2))) 15.0) aG 
Cottonseed meal, choice.........| 92.5 ||37.0/21.8] 8.6|78.2| 1.1|70.6/26.7|18.1 

: Cottonseed meal, prime. . ....| 92.2 1133 .4)24.3| 7.9|75.5| 1.3|/63.7 |26.6|18.0 
Cottonseed meal, good * ......{ 92.1 131.6 /25.6| 7.8174.8] 1.4\160.2/26.6| 18.0 
Cold-pressed cottonseed cake... .| 92.1 |/21.1/33.2| 7.4170.9] 2.4]141.8]....] ... 
Cottonseed feed................| 91.7 [14.2 |30.7] 5.7|57.7) 3.111389.2)14.7|14.7 
Cottonseedihulls) 2. 220. ...... -| 9023) 053) 33.3) 1.5 | 37 .0'| 122.3) 7.4) 3.6) 12.8 
Cottonseed-hull bran * P. eOUEO OE? 33-3 | 0.91355 17625) |b a eee 

Flaxseed and its products 
Flax seed. . .....--| 90.8 120.6 | 17.0|29.0|102.8| 4.0|/86.2|15.0) 9.5 
Linseed meal, old process gras. * | 90.9 |/30.2)32.6| 6.7/77.9| 1.6||54.2)17.0)|12.7 
Linseed meal, new Ryoko eek 90.4 |/31.7/37.9) 2.8|75.9} 1.41159.0)17.7 | 13.0 
Flax feed *. . ees 8! NOOR ZO isd 2 | wD 54 con) | De 2i26).6'|\. et leave 
Flax screenings * eee 2 poke ay lor so28 1 1024 G96) )5%3i|24 6) 3.55126 

Leguminous Ley, a) their 
products 

AvukbeI + so) oe eee. | 80.0) 107.4 54 3) O84 726i) 2:822'//33..6 
Bean, navy *..........-...--.-] 86.6 |18.8151.3! 0.8171.91 2.81136.3 7.8 | 13.7 



656 FEEDS AND FEEDING 

Tasie III. Digestible nutrients and fertilizing constituents—continued. 

Feeding stuff 

CONCENTRATES — con. 

Leguminous seeds and their 
products—con. 

Bean, navy, cull * 
COW pea aes cae ieee ga rae 
Frijole * 
Horse: beanies sate. ae cree 
Jack bean * 
Peak tel dist yap raey Shine eee eg 
Pearvoardentcatunme soci on: 

Pea Calie cee ine nia, facto, 
Pea bran * 
Pea hulls. . 
Peanut, with hull *. C

ee aks 

Peanut ‘kernel, Ww rithout b hull * 
Peanut waste * ee 
Peanut cake, from hulled nuts. ; 3 | 

Peanut cake, hullsincluded....... 
Peanut hulls * eee 
Sesbania macrocarpa * 
Soybean. . 
Soybean meal, fe ut extr auc ted. eas 
Tepary *... 
Velvet bean, seed * 
Velvet bean, seed and pod * 

Miscel. oil-bearing seeds and their 
products 

Cocoanut meal, low in fat. 
Cocoanut mez al, aN in fat...... 
Palmnut cake. . 
tapeseed cake. 
Sesame oil cake. ; wa bee 
Sunflower seed, with hulls * Ue eed 
Sunflower seed, without hulls *.. . . 
Sunflower seed cake... 

Milk and its products 
Cow’s milk..... 
Cow’s milk, colostrum..........| 
Skim milk, centrifugal. . 
Skamamilk ora vite we ke epae 
Skim milk, dried * 
Buttermilk * 
Whey * 

Siaaigiee be house by “rae 
Dried blood. . rte 
Tish meal, high i in fat. 
Fish meal, low in fat... 
Fish-glue waste * ae: 
Breshi bOnewssac:,< <> sec 
Meat-and-bone meal, BG 
ash * 

Meat- and- bone ‘meal, over 10% 
ash * 

bo 00 Gr i I tO ib O NI 00 PIR C 
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Digestible nutrients in 100 lbs. 

Total 
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Fertilizing constituents 
in 1000 lbs. 

Nitro- | Phos- 
gen pharis Potash 

Lbs. | Lbs. | Lbs. 

3545 es ee 
37.8 | 10.1 | 14.9 
BOA aes aly Nee 
41.9|12.4/13.4 
30) 1a) a ieee 
36.6} 8.4] 10.1 
7M Wd OO li 

388.1} 9.2) 10.0 
19ND) Sal alOes 
LA ONS ek eee 
32,018 (263 OR 
42.9}10.1] 6.5 
SOON BS 
76.2 |11.6 | 10.0 

A Aaa a] 
Obi Baresi bs 7.4 
SOME? Aa liiress 
58.4) 13.7 | 24.7 
662 2is esate 
BORON 
30.0 Ie 
2 Aig 

Bp ya ah qua) || 2a aes 
382.6} 7.8) 24.2 
26; 9d Onwon® 
49 .9 | 20.3 | 13.2 
60.0 | 33.2 | 14.7 
25.8 HZ 2h O86 
AAR SWS ae. eullente 
55.7 |21.6| 11.7 

Ley ES) 7 
28-252. G26) ileal 
(aye Ee PAPA |) IL 7 
DEStine oy le 

586i vee vie 
eS ueles (al Male 
Te) Ih 246 

131.5] 4.9] 1.2 
77 .4|140.0| 3.0 
Sao a 
62.6}. 
Sole 

63.7 

15.31 



APPENDIX 657 

Taste Ill. Digestible nutr tents and fertilizing constituents—continued. 

Total dry Digestible nutrients in 100 lbs, ME as Fertil sing constituents 

Feeding stuff Taaihee Pee ccay | Tinea F matty = Rt ae 

i laratati Laretas Fat | Total | | ye nous Potash 

CONCENTRATES — con. Lbs. || Lbs. | Lbs. | Lbs. | Lbs. 1: || Lbs. | Lbs. | Lbs. 

Slaughter house by-products—con. 
Rorkvcracklings * 0005 29.8 2.5% 95.0 ||52.4 32.6/125.8] 1.4]/90.2] 6.1 
Dee ee 92.7 ||22.6 3.0| 29.4) 0.31/38.9| ee 
Tankage, over 60% a Eee .| 92.6 ||58.7 12.6|87.0} 0.5//101.0) 55.8} 5.5 
Tankage, 55-60% protein * ..| 92.5 1154.0 WAC sv4())) OA 1C830)| mis 
Tankage, 45-55% protein * sal) Senet) ESA 13.7| 78.9} 0.6]/82.7 |101.5 
Tankage, below 45% protein * | 93.5 |137.6 16.7|75.2| 1.0|/64.6 |135.7 

Miscellaneous concentrates 
Acom, kernel and shell *). °-.-..|| 72-1 || 2.3)36.2| 3.8| 47.1] 19.5]] 5.4 56 |p ee 
COUN KELDCL ae dase sete Aaa | ODEON 2.927 23)|, 427 | 40.8) 13.11). 627 Foil yee 
Becupulpaweu feed Oke | nOrno (06.5) O12) 734) 18.8) D404 ORG 
Beet pulp, dried......-........../ 91.8 | 4.6)65.2] 0.8) 71.6| 14.6))14.2| 2.4) 3.8 
Beet pulp, molasses-............| 92.4 || 5.9/68.0!] 0.6] 75.3] 11.8|/15.2] 1.5] 18.1 
balenyeretuse toy ee 2. a-(-- | OLR7 18.3) 608']}) 7.0] 84.9], 982/079) 2.3): 

IByRenvel 28) OB ae ee ee G6P2 85-6509) 02575881) STN I226" 2.0) ee 
ene ROned Aah. tee 2 0440 Aide 4 |) .O.2| 79.2) 55.6 425-1 scalar 
Cassava starch refuse *..........| 88.0 || 0.5156.4| 0.6|58.3/115.6|| 1.3] 0.6| 2.8 
Chess, or cheat seed* ..........| 92.3 || 6.2]60.6] 1.5] 70.2] 10.3]/16.8 Ae 
Cocoa shells. . .----| 95.1 || 1.7) 44.8] 3.0) 53.3] 30.4)/24.6) 13.41 26.6 
Corn, oat, and barley feed ahd. ORE ORL SOE ON ARO] S40) eG) (SEDs a. ne leak 

V 
Distillers’ grains, dried, from corn.| 93.4 ||22.4]}40.4111.6|88.9} 3.0//49.1] 6.8] 1.7 
Distillers’ grains, dried, Pe ae 92.8 ||13.6| 38.0] 6.6|66.4} 3.91137.0] 8.3] 2.4 
Distillers’ grains, wet *..... HP22NONl | ocon| ome = te on ZOOHN sola 722) elas Gn OR: 
Distillery slop, whole *.......... 6.2))| 1-4) 2.8) 0.6) 5.6] 3.0)]/. 3.0) 1.3)/2087 
Distillery slop, strained *........ AEA We) hee Weal) CoO BON BS onc 
Lamb’s-quarter seed *..........| 90.2 1110.2) 40.6] 6.9/66.3)} 5.51/22.6] ...)7%: 
IMolsssesmbcet) sees ce eae se|) (4ee || Lede 5924 6025) 54-0) 5-6.|)) Ofsilser3 

Molasses, cane, or blackstrap A 74.2 \1.0|58.2| ....159.2|W58.2|) 5.0] 2.4 31.67 
Molasses feeds, below 10% fiber...| 88.4 || 8.2| 47.2] 5.0166.6| 7.1|/21:4] 8.4] 20.6 
Molasses feeds, 10-15% fiber. ....| 88.3 || 7.4]47.7] 4.2|64.5] 7.7]119.5| 8.4] 20.6 
Molasses feeds, over 7a Her se MIO oe4a|4ocol 2.81 6022) |) 6y2) 2129) ye aps 
Molasses-alfalfa feeds * ..-+| 86-5] 8.5) 41.0] 0.51 50.6) 5.01/19.2 
Molassine meal *. . bocodcoo al) emets I) Boa O38] MS Gv) Ove 
Mustard feed or bran * ee 948352228) 28 ve LORD 4b 2231507 

Pireon-erassiseed *.....4.:.....| 89%3)|| 8.5 | 45.4). 4.3)/63.6] 6.51/23.0)..: |y..8 
- Pigweed seed *. . eee oe de| | LORS Asn Si eG. Oi68e lions 2480) ier ie 
Potato flakes, dried *. consol] SOON SOC Ooze al aly US aa ae oe mH 
Potato flour * soabecoecosccal| ewote HUA ZB Mee aera Gayest Cee) Ce il ple 
Starch feed, dry *.............. SOR Ze eZ 5 ONG 6) Sle ON G22 || 24NGiia 222 Oks 
Soarchhreedwelmeen orice. 4 | cond ee L2OLOW Sol Stel |) 626)||\— 920i) 0281022 
BiiGhnoUne asta te re... | 69.071 940166.1) 1.3)73.6) 150101 2.9") 15 

Driep RouGHaGE 

Cured corn and sorghum forage, etc. 
Corn fodder (ears, if any, remain- 

ing), very dry, from barn or in 
DNIGGUISELICES ee eke ie: SON esro oles 1.5) 58-68 oe aileeole oom noee 

Corn fodder, medium in water... .| 81.7 |} 3.0} 47.3] 1.5]53.7] 16.9]/10.7| 3.3] 8.9 
Corn fodder, high in water.......| 60.7 || 2.2/35.5) 1.0139.9| 17.1]) 7.7} 2.5) 6.6 
Sweeticormifodder? 0). 20404 . 87.7 ||. 5.9147.6) 1.3}56.4] 8.61/14.7| 4.0|11.8 
Corn stover (ears removed), very : 

Chis Zee Mule a ate & akees CORO a oe 8 LONS2 9. 4.5 BS) 
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Tasie III. Digestible nutrients and fertilizing constituents—continued. 

Feeding stuff 

Driep RouGHAaGE— con. 

Cured corn and sorghum forage, 
elc-—con. 

Corn stover, medium in water.. .. . 
Corn stover, high in water........ 
Gornleaves erie ee tectone 
@omvuhuskstce vase ee te ee 
Corn tops. . ; 
New corn product. . 

Kxafir fodder, dry. . Rie aes 
KXafir fodder, high ir in water... ... 
Kafir stover, dry. . She Nese 
Kafir stover, high in 1water....... 
Milo fodder, dry... Serene 
Milo fodder, high in 1water....... 
Milo stover, high i in water *..... 

Sorghum fodder, dry. . ee 
Sor. hum fodder, high it in water. 
Sor chum bagasse, dried . as 
Durra fodder *.. WA ne 
Broom-corn fodder *. 
Japanese cane fodder * 
Sugar-cane bagasse *. 

Hay from the grasses, etc. 
Bent grass, Canada, or blue joint * 
Bermuda grass. scehcseeaates 
Black grass. 
Bluegrass, Canada. . 
Bluegrass, Kentucky, all analyses. 
Bluegrass, Kentucky, in milk... 
Bluegrass, Kentucky, EPeD 

Bluegrass, native western *...... 
Brome grass, smooth. ak perey stale: 
Bluestem grasses * 
Buffalo grass. . 
Bunch grasses, miscellaneous. . 
Carpet grass * Rn RAN ae NUN 
Chess, or cheat ...........0.00. 

Crab grasseaee oa cnt Seiad: aie: 
Crow-foot grass * ee ao 
Hescules MeCACOW. =i. «ceva s ctees i 
Hescuess Natives s sei. sec ots et nee 
Fowl meadow grass * rete: 
Foxtails, miscellaneous *......... 
Gama grass *. 

Grama grasses * 
Hair grasses, miscellaneous * 
JOHNSOMETASS tase iagiens emesis a: 
Millet, barnyard. . BEANE aA 8 
Millet, common, or Hungarian. . 
Millet, German * Sieh 
Millet, hog, or broom-corn *..... 
Millet, pearl, or cat-tail. 

Total dry Digestible nutrients in 100 lbs. eevee) F ering sgoneiltustts 

eee ratio . P 
aah [eee Fat | Total aoa phoric | Potash 

Lbs. || Lbs. Lbs. il Lbs. Lbs. 

81.0 || 2.1] 42. 0.7)46.1| 21.0]) 9.1 111.5 
59.0 |} 1.4 : 0.6/ 33.9} 23.2)| 6.2 8.3 
76.6 || 3.2 d 1.1/45.8} 18.38)]/11.4 ihe 
75.3 || 0.6 : 0.3|48.6| 80.0]] 4.6 10.2 
82.1)| 3.1)45.5) 1.1)51.1} 15.5] 9.0 ah 
90.8 || 3.8 .8| 2.38/58.8| 14.5110.2 

91.0 || 4.1)45.0) 1.7)52.9| 11.9} 14.2 
71.7 |} 3.0) 38.2] 1.6|44.8} 18.9}10.4 
S8eC |) LTV 435 |) WBA ae) 2738.2 
C2RON GL ONS 1.8.) LOAD. 3) 230086 Ged: 
88.9 || 1.9 .8| 2.8/44.5) 22.41/19 .2 
60.9 |} 0.6|29.8| 1.4|33.6! 55.0]) 5.9 
64.5 || 0.4 810.51 82.8 | OL .0l| 87 

90.3 || 2.8 £0) e220) 201 et (eG) dies 
62.6 |} 1.5|382.9| 1.8|38.4] 24.6]) 6.2 
88.7 || 0.5152.3] 0.6) 54.2) 107.4] 5.4 
89.9 || 1.0]48.6) 1.8/48.6| 47.6])10.2 
90.6 || 0.6 LON a LAG al MhSl0) | owe 
9352) || (05 0} 1.2)58.2)115.4]| 2.2 
89.8 || 0.5 6 3.38) 55.51110.0]) 5.3 

93.3 || 4.6 Gi Les ogee lO es) pla, se 
90.3 || 3.7 9} 0.8) 438.4] 10.7]/11.4 | 20.0 
89.7 || 4.4]39.4] 1.1/46.3} 9.51/12.0 18.8 
89.3 || 2.8 .5| 0.9|53.8) 18.0}/10.6 23.3 
86.8 || 4.7 5} 1:5) 51.6) 10.0133 21.0 
87.6 || 4.8 Ly 125) 523) 91918326 aye 
76.3 || 3.5 18) 1161.45.41 12. 0)109"8 

91.9 || 6.4)44.0; 1.6)54.0| 7.4])17.9 : 
91.5 || 5.0)/44.2) 0.9) 51.2 9.2)/15.8 Palle) 
93.1 || 2.4 6} 0.8/48.8] 19.3]] 7.8 AEE 
93.0 || 3.8 9} 0.8/49.5} 12.0)/11.2 a 
93.0 || 1.2 .9| 0.7|40.7] 32.9]) 9.6 73 
92.1 }) 3.1 6] 1.0)49.9] 15.1})11.2 a 
91.6 || 3.0 .6| 0.7/40.1) 12.41) 11.5 17.8 

90.5 || 3.5 OH LOAD eran e | EL2sS 30.9 
90.51} 3.8/40.0} 0.9/}45.8] 11.1)/13.8 aay 
88.3 || 3.5|45.2) 1.1/51.2) 13°6)|10.9 zed, 
95.1 || 4.6/48.9} 1.1/56.0] 11.2))14.2) 3 
88.9 |] 6.1)48.0) 1.4)52.3) 7.6)/15.7! 
93.2 || 5.6|48.0| 1.7] 57.4 9 .2))/ 14.9 | 
88.2 |} 3.4 5] 0.8)45.7) 12.41/10.7 

93.4 || 3.2 9] 0.7/46.7} 138.6]/10.2 Says 
93.4 || 4.2 9} 0.9/48.1] 10.51/13.3 17.3 
89.9 || 2.9}45.0] 1.0/50.1] 16.3)/10.6 thks 
86.5 }) 5.1 | 0.8/47.4] 8.3)]/13.3 25.3 
85.7 |! 5.0 0} 1.8}55.0} 10.01/13.3 21.5 
91.3 ]] 4.8 Ht te Let 1 OS).on a lilo eS 14.4 
90.7 |} 5.3 5] 1.6/58.4] 10.0}/14.1 PANS 
87.2 || 4.2|43.8| 0.8}49.8| 10.9]/10.7 4 
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Taste Il. Digestible nutrients and fertilizing constituents—con. 

Total dry! Pisestible nutrients in 100 ths. popes ental icine cone tituets 

Feetiigsaint “100 bs. || rade Carbo- | raiiol nitro (ete 
| protein hydrates} Fat | Total gen burs Potash 

Drizep RouGHAGE— con. Lbs. |} Lbs. | Lbs. | Lbs. | Lbs 1 | Lbs. | Lbs. | Lbs. 
Hay from the grasses, etc.—con. 

Millet, wild, or Indian *.........} 93.3 || 6.4/49.5] 1.5/59.3] 8.3]/17.0] ... 
Mixed grasses. Pee ~......| 87.2 |] 4.38)44.38] 1.2)/51.3] 10.9|/12.2| 3.8] 16.4 
Mixed grasses, rowen. YY | eee 86.4 || 7.0}39.9| 1.6/50.5] 6.21/19.7] 3.3] 16.6 
Ne UNO ACS eee eee eres nO). 2) Ill Seygaled7--9)||| (O08 | 4354) LOR | Lae Sine 
Needle grasses *. Soaceaveocca |) BEC Wyse) 4836) ) Mess |Z) i) Tale} Bs), 3 
Nerved manna eras cae 93.8 || 4.0/ 41.4] 0.8]47.2] 10.8]}12.8| .. 
Oat grass, tall, ormeadow oat grass 88.2 || 3.4/38.4] 1.2)44.5) 12.1]/12.8|] 3.1|16.4 

idiviuchioniag sae ee Oe Ol 6.51411 |) 1049.8 |) EL 770i ae se 
Orchard oracss eyes ee ae nos 4.7140 .1} 1564954) 92 5112.6)) axon To4 
ae Oracs ade fee eis eee OO I 231 O80 | OLA 41 0] LF 7 A) ee 
PAMGOTaSses eee eee en Eos lel A461 deo V58e5)) LOLA 1S Si lmoneilmnGes 
PEICHusiyanWeSLCLO alae al Ooo) |e On Al 4 Ie 4729 eT oss) |) eae 
ack wrarseretemae cae ok OAL, [421497 1.1 156.4) 12 417 |... 
eSGUGIONISS feceye ces). ce es ei GOe2i I -D.0)|43.0) 0.2)50.71 9.01) 15.7) 5 516 

Red top, all analyses............ | 90.2 || 4.6/45.9] 1.2/53.2| 10.6|/11.8] 4.4]18.8 
Red top, in bloom... ...+.+.., 92.0] 4.5/46.4| 1.1/53.4| 10.9|/11.5| ...|. 
Reed bent grass *. . sercoccoe || Cdl Gol eee Ween WASH. oe 
Reed canary grass * : ..| 90.4 || 4.5]44.6] 1.4/52.3] 10.6/112.6] 5.2]18.9 
Reed grasses, miscellaneous 
western *....... .. | 93.0 }] 3.1/42.8] 0.9] 47.9] 14.5]| 9.9 

Reed meadow erass, or ‘manna * | 93.31] 4.6/39.8| 0.8|46.2 DON EON G50 Ilocos 
Rhode Island bent grass * ...}| 88.5 || 4.1145.0| 1.6|52.7] 11.91/10.6] 4.1]17.0 

Rye grass Haan eos 88.6 || 3.9|40.7| 1.0|}46.8} 11.01/13.0 aye 
Rye grass, perennial *........... | 88.0 || 4.4/39.0| 1.6|47.0| 9.7|/14.7 ee 
Rushes, western. sescccocade || NB Ih 760148335) O09 F301) Bez/iIGss er 
Salt grasses, miscellaneous. ..... . 94.7 || 3.6]40.0| 0.7|45.2| 11.6]/13.0 Mao 
Sedges, western. . go bosoabpeca || MEbas) Ill OOO) 31) O80 | 7S Weak 
Sedges, eastern *............... 90.7 || 2.7)41.8| 0.6}45.9] 16.0]| 9.8} 2.0} 9.3 
Dipeaiemisses.....-k-.--2-.- 2 | 94.5 I! 4.7 150.7 |) 0.9157.4] 1121/1292 ome 

EL alla 90.2 || 3.5/40.1] 0.8)45.4] 12.0}/12.3] ...].... 
Sweet vernal grass *............ | 90.7 || 7.1/39.9] 2.3/52.2] 6.4//19.8| 5.9]18.5 
Teosinte * : -.-----.| 89.41) 5.6|40.2) 0.9|47.8| 7.51|14.6) 7.5] 42:6 
Timothy, all ‘analyses. . -.---. | 8.4] 3.0) 42.8) 1.2148.5) 15.2)) 9.9! 3.11 13:6 
Timothy, before bloom..........| 92.8] 4.7|42.0| 1.6|50.3| 9.7 IESE Aalluetenel|| ono. 
Timothy, early to fullbloom.... | 87.2] 3.6/44.7/ 1.2(51.0] 13.2|/10.1 
Bothy, late bloom to early 
eegeenemeee). . 2-5... .. | Sool || 2.4139 0] 1.4) 44:6) 517-61| 8:8 

Timothy, Lite en 87.5 || 2.2/40.7| 1.1)45.4} 19.6]] 8.3 
camouny rowel .9-...:...'.....| 84:9 |[18.2/35.8| 2.1148.7) °4.9)123.0 
Wheat grass, common *......... 92.7 || 4.0}44.0] 0.8/49.8] 11.41/10.4 
Wheat grasses, miscellaneous... . . 93.6 || 4.4/44.7) 0.8/50.9}] 10.6}/11.4 
Wheat grass, western. sooo! GHEE |) Cha EGY | Mee) Eo eZe 127455]. 83 
Wild barley, or foxtail *......... 92.5 || 4.0}48.4] 1.1)54.9} 12.7]/11.2) .. 
Wild oat *....... ee ye OZ eee Amoi he AAG Sis Tt DES) ie sieaeees 
Wyilevere ce meee. 199.24 O47 3) 1153.8) 124 4) 6 Sy 1gls 

Hay from the oe cereals 
Barley hay, common. -oee--- | 92.6 || 4.6)48.2)} 0.9154.8) 10.9)/01.2) ...])... 
Barley hay, bald... 2.2.0... 91.3 || 4.8)47.0] 0.9]/53.8] 10.2]}11.8 A [eae 
Emmer hay * Penne Son) oNO.5 44.31 0.9 152.80 we Lit6.01 0. eile: 
Oat hay. . Seems 17oo0 14-5 1388.01 1.7 146-419 19 S13 :4 1/80) /(32:7 
Rye hay, all analyses Gone. 91.9 |] 2.9|41.1] 1.1]46.5] 15.0]]10.7] 5.0}17.0 
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Taste II. Digestible nutrients and fertilizing constituents—con. _ 

| || Dicestible nutrients i | Fertilizing constiinents “Total ary Digestible nutrients = 100 Ibs. area | in 1000 Tbs 

Feeding staf j matter |) Phos- 
100 Ibs. || Crude | Carbo- | | | ratio Il Nitro- | Phos 

| protein hydrates) — | gen Bini a 

———— 
|. 

Sn TEST Gn DEE a EL a LL 

DrizD RovuGHAGE— con. Lbs. || Lbs. | Lbs. | Lbs. | Lbs. | 1: ! Lbs. Lbs. | Lbs. 

Hay from the smaller cereals—con. i | 

Rye hay, heading out toinbloom* 91.8 | 6.4 46.0, 1.1 54.9 7.6 |/15 7 
Wheat hay sence sake oe 91.9 | 4.0)48.5; 0.8|54.3) 12.6] 9.9 

Hay from the leguines | i 
Alfalfa, all analyses............. 91.4 /10.6 39.0) 0.9)51.6, 3.9)/23.8) 5.4) 22.3 

Alfalfa, first cutting. ........... 91.5 || 9.3} 39.0) 0.6 49.7) 4.3]/22.2| 5.4] 22.3 

Alfalfa, second cutting. .......-.. 92.7 |}11.2|}40.2| 0.7/53.0] 8.7 |) 23.5 5 .4| 22.6 

Alfalfa, third cutting............) 91.1 |}10.2)37.1| 0.8) 49.1] 3.8234 5.3 | 22.2 
Alfalfa, fourth cutting *.........) 84.0 |/11.1| 33.6) 0.7 | 46.3 | 3.2||25.4| 4.9 | 20.5 
Alfalfa, before bloom *........- -| 98589 21502 1:6 54.5 |. 2-5 352). 2 eee 

Alfalfa, in bloom..........-----| 92.5 10.5 | 38.5) 0.7| 50.6 3.8||24.0) 
Alfalfa, in seed *....2- 0... 5+-- | 89.6 |] 8.5/39.2} 1.0/49.9|} 4.9/19.5 

Alfalfa, variegated, or sand lu-| | | 

cere *.........-....---.-2--| 84.8 110.1/35.2| 0.8/47.1) 3.71122.7 ae 
Alfalfa meal *................--| 91.2 |}10.2| 38.7} 0.8/50.7| 4.0) 22.9| 5.4) 223 
Alfalfa leaves *..............--.| 93.4 |}15.8/ 35.1) 1.3/53.8| 2.4]/36.0 2 

Alfalfa stems *................., 94.4 |) 1:8 46.9) 0.4) 49.6] 26.6 /10.1 jes 
Bean, whole plant *.............| 87.4 |16.4/ 37.8] 0.8)56.0) 2.4)36.0) ...|.... 
Beggarweed *...........-.-----| 90.9 |]11.6| 36.2) 0.7/49.4) 3.3)/24.6) 9.4) 27.9 
Clover, alsike, allanalyses.......| 87.7 || 7.9|36.9) 1:1)47.3| 5.0//20.5| 7.0174 
Clover, alsike, in bloom.....-....| 87.4 || 8.2|36.4) 1.3/47.5] 4.8/21.1) ...).... 
Clover, Duns rte see oe eee 93 .0 (15.6 | 42.8 0:21.58.3] 52.81/30-7 |. = ines 
Clover, crimson, or scarlet....... | 89.4 9.7) 36.8 1.0|/48.7| 4.0))22.6 6.1) 22.4 

Clover, Egyptian, or berseem *...| 92.5 || 8.5 40.9, 1.4)52.6| 5.2)23.0| 6.3 | 247 
Clover, mammoth red *.........| 81.3 |} 6.4) 37.2) 1.8|47.6| 6.4)17.3 63 8.7 
Clover, red; all analyses......... 87.1 || 7.6) 39.3) 1.8)50.9| 5.7) 20.5) 3.9/ 163 
Clover, red, before bloom *...... 89.6 11.6 /38.1) 1.9|54.0| 3.7]/29.9 7.4) 22.1 
Clover, red, in bloom... ........ 86.1 |} 8.1) 38.8) 1.8|50.9| 5.3 (21.0) 5.1 154 
Clover, red, after bloom *.......) 77.9 || 6.8/}34.1} 2.6/46.7| 5.9/18.6) 4.0) 11.0 
Clover, sweet, white. .........-. 91.4 ||10.9|38.2| 0.7/50.7| 3.7)/23.2) 6.6) 12.6 

Clover, sweet, yellow *.......... | 91 3 1110.0 35.91) -0.5 | 470) 3:72 4g eee 
Clover, white............-.----} 91.9 }}11.8] 48.3] 1.5/58.5 4.0 || 25.9 5.2 | 20.0 
Clover meal* ...............--| 91.5 |] 8.1|42.0| 1.3/53.0] 5.5]/21.9; 4.0/17.2 
Glover rowen..; .4.. -..-.-,2.-2 - 85.2 110.7 |. 3321 | 2-2) 48587 1326) 2024) eee 
Cowpea, allanalyses.... 47... .-| 90/3 13.4183-7) 4.014010) (92813009) | ouateies 
Cowpea, before bloom *.........) 92.2 |}17.8]27.0| 1.0)47.0| 1.6)/41.9) ...)... 
Cowpea, in bloom to early pod *..., 89.4 ||12.6/ 34.6) 1.3 50.1 3.0||29.6 | 5 

Cowpea, ripe *...............--| 90.0] 6.9/42.1] 1.0/51.2| 6.41/16.2)°...].... 
Flat pea *............-........| 92.3 ]}18.4| 37.3] 1.7|59.5] 2.2)36.3) 6.9] 243 
Kudaiyime sete tee eee 92.9 /11.4/39.8| 1.2/53.9 S026 alee oes 
Lespedeza, or Japan clover *.....| 88.2 || 8.6)/41.1) 1.1/52.2| 5.1)/19.4) 10.3 | 20.7 
IGupies. 2h 2. oa ee eee 11.8 44.3 1.9|60.4| ©4.1425.3]....|... 
Pea, field.................-----| 88.9 ]]12.2]40.1] 1.9]56.6] 3.6124.2) 6.7/124 
Pea, field, without peas*........ 90.6 || 7.7|47.0| 0.9/56.7] 6.4//15.2| face 

Peanut vine, with nuts.......... 92.2 || 9.6/39.6] 8.3/67.9) 6.1))21.3)-...].... 
Peanut vine, without nuts........ 78.5 || 6.6) 37.0) 3.0/50.4| 6.6))14.6) 2.2/ 13.9 
Sanfoiniys J) .-25£) +. - ype te 4 One Ue 2 ogee meen LO 5.9|/16.8 | 4.6 | 13.1 
perradels eee toe. wos ee .....| 90.3 1]11.8} 35.1} 1.6)50.5] 3.3]/25.1) 10.3) 15.1 
Soybean haya a0 eo... eee 91.4 ||11.7|39.2| 1.2/53.6| 3.6//25.6| 6.8) 23.3 
Trefoil, yellow, or black medic *.. 88.8 || 12.0 | SHO 115] 5220 3 oil 20-0) Seto 
Velvet bean *..................| 92.8 |}12.0|40.3] 1.4|55.5! 3.61/26.2| 5.5] 26.5 
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662 WEEDS AND FEEDING 

Tasue Ill. Digestible nutrients and fertilizing constituents—con.. 

Total dry Digestible nutrients in 100 Ibs. eae Haaree ae 

Feeding et "100 Tbs, || Crude | Carbo- ratio |! Nitro. | Phos- 
" || protein [hydrates Fat | Total oat ate Potash 

FresH GREEN RouGHAGE Lbs. || Lbs. | Lbs. | Lbs. | Lbs 1 Lbs. | Lbs. | Lbs. 
Corn, the sorghums, etc. 

Corn fodder, all analyses *.......| 21.9 || 1.0)12.8| 0.4/14.7| 18.7] 3.0] 1.1] 3.7 
Dent corn fodder, all analyses... .| 23.1 || 1.0/13.7] 0.4/15.6| 14.6]| 3.0] 1.1] 4.5 
Dent corn fodder, in tassel.......] 14.9 || 1.1] 8.2] 0.3/10.0} 8.1]} 2.6] .. bse 
Dent corn fodder, in milk....... 19° 9/1) DOWT2 51s 0.5 42) S182 286 
Dent corn fodder, dough to 

glazing * Ge hdie eleven oO Neelico) lio Ag i On (all ois malo tere 

Dent corn fodder, kernels glazed. .| 26.2 || 1.1)15.8|) 0.4/17.8] 15.2) 3.2 a 
Dent corn fodder, kernels ripe... .| 34.8 || 1.5] 21.1] 0.8|24.4| 15.3]] 4.3 saul eee 
Flint corn fodder, all analyses.... . 20/7 F120) 1204024 14533) 13.3) SO sei ARO 
Flint corn fodder, in tassel *..... TOS GOON be onl Oral ad ls) OL Oe ea a 
Flint corn fodder, in milk *...... 15.0 || 0.9} 8.9] 0.4])10.7) 10.9]| 2.4 
Flint corn fodder, kernels glazed...} 21.0 || 1.0)/12.3|) 0.6|14.7| 18.7]| 3.0 

Flint corn fodder, kernels ripe.....| 27.9 || 1.2)16.6) 0.7/19.4] 15.2]| 3.8 
Sweet corn fodder, before milk 
oe cae pie ore LO ROS OnSite Gilet ORD! ier (eaon men orelal (elena OR ola lao 

Sweet corn fodder, roasting ears or 
later \ae- 2023.) 1.12) '12205), O42] 14 LOLS SO OLoases 

Sweet corn fodder, earsremoved *.| 21.5 || 1.0/13.1| 0.3|14.8| 13.8|| 2.6 Bs 

Sweet corn ears, Rea a 30.8.) 3:01 2445) 198127 |) Oe6 Galina eras 
Corn fodder, pop * seme te | EO LO OVS | OO. OS Miia TS 2h Are 
Corn stover, green (ears re- 

moved)*. . ae 227 \\_ O.8y) 12.05) 1082 129i) 2428) 2 ais eae 
Corn leaves and 1 tops * 15,-94\) 13) 8.40.5 1028) 9 2)3|le 00s eal 
Corn leaves * SLA 2 V6 oi OG 20. ON) SiON Lele Onli ane 
Corn husks * beep ee tee | COrO Nt LOW 2257 Os3i/ 24 4u 23 425 OO RGim bao 

Kafir fodder, all eee 2336 |) DT (124) O44 4s 12 le Bei ae Gia oe 
Kafir fodder, heads just showing *. 192 O20: 8)/ TG Ons Sede S 240 Oe Gi in ie 
Milo fodder *............... 05. 22:27 NO). 84112 7) 0833/1422) 16 SS) 25 On Nir alae 
Sweet sorghum fodder...........| 24.9 || 0.7)14.1] 0.6)16.2| 22.1]) 2.4] 1.1) 4.1 
urna fodder cscs tne ee 22,.4)\\' 0.9) 220) 0 45/1338" TAs 32s elon eono 
Broom-corn fodder * fee 229 NOLO 2 Wi) O83) 187 142 eS oe ao 
Sugar cane *. 2. onic wes ede | SESH OLA 2 3) ONG a a2 A ee ical |e 

Fresh green grass 
Bent grass, Canada, or blue- 

joint * AAG 32 Oi 2027 | ONG) 2orels eG) Ge Gil ieerare| meres 
Bermuda orass * B32 417 ON 20) 1 L925)! W129) ARS oN ee: 
Bluegrass, “Canada * segs ate |) Cone lh Leow LT 24) OLA AN 300i eA Si eal asi lomo, 
Bluegrass, Kentucky, all anal- 

yses * ae acest sere see c | Ole6) (2 S148) OfGN18 5) 2:7 Olle G26) pale Outiae 

Bluegrass, eae before head- 
Ings. sistent eh eetnee ll BoeSs||mo nde POLAT t OSH Os Ol tems oll Meome 

Bluegrass, Kentucky, headed 
out * Hat ie n| BOLE) 228) TERA Oe NZL Gio) laine 

Bluegrass, Kentucky, ‘after 
bloom * EME Say bih 43.6 || 1.9] 21.9] 0.7|25.4] 12.4]| 5.4 

Blue native. . 2...) see 4) 45-3) 2 020. Zale O26 (2490s TO) ie eis |e ca roan 
Brome grass, smooth * Do. Bd. OFl 2 ONG SR ON OG2)) 1853) 2 oral On eee OneSno 
Brome grasses, miscellaneous. ... . 36.3)|) oo L628) O02) 202355 lly eoiee2 ORD 
Bluejoint grasses, western * BSNO | US ie Ga Ora 202201) O29) Ae 2 aes eer 
Bluestem grasses *........5.2... | 8156 || (1391322) 0. 81629 7.9|| 4.8 Ms 
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APPENDIX 663 

Tape IIT. Digestible nutrients and fertilizing constituents—con. 

Total dry Digestible nutrients in 100 lbs, ee Feral past pats 

Mending aint “100 Ibs. Crude | Carbo- ratio Nitro- hos 
protein |hydrates Fat Total gen Bron Potash 

FresH GREEN RouGHAGE—con.| Lbs. || Lbs. | Lbs. | Lbs. | Lbs 1 Lbs. | Lbs. | Lbs 
Fresh green grass—con. 

Bunch grasses * eee ee SORe. |e a eSi inka 4a O26) 25.6ilty Sidi Gaon me ees (lye 
Wiesyan chenti*s...-...2:--.-.-)| 39).6 || &.5120.8)|| 0).611523.57 |), LAR Sie Syl [nD O) 77, 
Rar Meer iets towels ie ate || ORO) | ln | 42) OLD) 16-6) Lhe Silie4n 3) | Seo ious 
Fescue, meadow * séocoe || BOG) I Uy WSO Ooty) eee TO) UN Zk SH 7? 0) 
INES CUES, TENN #5 pep dascuobecos || COON MS MS Oui ON TOO WeaB cag |) 5. 
Guinea grass * soo dodecce |) Asoo) WP WI mab eZ Goi I) TSSOP Bi) 
PAI UeTASS see ek en ames OOMU Wak WO. C1 OLA IQcg ln vO bes 

ORS aa noe QO he AS OES ty Olly Tarai 4 Olas. sulidees 
Meadow foxtail * soncsooon || Zoli Belk 1s} ]) OOH lz Z| Bil Bi cool oo 
Millet, barnyard. . ale ecco eel O) RL O45 | 147 OTSA O) 2a aie ss none 
Millet, common, or Hungarian... lade Onl OAs Si OG NLS 1) aS.) | tes) eed) nono 
Millet, hog, or broom-corn * 3 ae 24.7 || 1.3/13.8} 0.4/16.0} 11.3]) 3.2] 1.2] 5.7 
Millet, Hesgboricattalse ces. (S20 2. 1OL4) O%2 110.91" 9.82591" 1°9:1 10l3 
Mixed grasses, immature. ....... 29.7 || 3.6/14.5] 0.9/20.1]} 4.6]| 8.2] 2.1] 7.9 

Mixed grasses, at haying stage... | 30.8 || 1.7|15.2] 0.6/18.3| 9.8]] 4.8] 2.5] 6.4 
Oat grass, tall, or meadow oat 

grass * ee eee OUP on mele dull ond) |i 4s (ons 1a Ol 4a a8 eed 
: Orchard grass. . soscovcocon || Ara Il Woe USO) OG] Gil) esi) EG O11) G) is 
Para grass * ncugos census || Ae] MW Oier} MEO Oem ate Biers as 
Quack grass *2 2s eee ese ee DAD, Zreza Ese] et SI oO) | oll Sorel 5 2 
eceneirass ss .iug.. 2-42 || 30.6) 2661 14.5)) 0.21751. 5:71 611) 1.9 R38 

Red top. . scodcooo see || Ceay tl We AO MLO TPR ea TOL SN yO) ae ees tee 
Reed canary grass *. ei On| eel So) ORO) | 2le4s | elle G)le SES) 2eo ORs 
Reed meadow grass * Soden || BO WN Woah} Was 834) a7 ey) TI A ZL 3 2 ae 
Rhode Island bent grass * eer O2e da | |) tee Aa G4] NOLAN Sele a4 AG aol aE 
Rowen, mixed . ee O22 lod 4-01 OL9 MO Si) ALSlews5 | 2eO,\hezeeb 
Rye grass, Italian * Soocane 2 ese Dacia | SENN SSO BAO) 1057 is 
Rye grass, perennial *. cee coon coe | OG AOS Oe al Ol 23) oe 9.2 

Rushes, western *. . Pertinent 20) (81 O21 |a Ores 91.0) 44 te O)s6ul lary 4a ue een ee 
Sedges, western * se || Glscay Nl ech Oca) Osa) (PRN) ROW Cia so ale 
Spear grasses, miscellaneous *. . 43.6 || 2.0} 23.6] 0.4/26.5| 12.2|| 5.3] 1.6] 8.0 
Becuvcnnaleniss 2. ye ole, |) L251 16.0) O51 1827 | tL 5ill 4.2) 210i Ena 
Teosinte * ; eee er leon ee Onl le 9)! BOSS) lm 1226) Ion Zale" Ol eos 
Timothy, all analyses. . one || axe I) Uae ees) Oso 2274) IB AOI TERS 7 
Timothy, before bloom * oo) ber Wes I OLA ae Tea ZL Oy os a lig 2 

Timothy, inbloom. 2... 32.1 |) 1.3) 16.4) 0.5)18.8) 13.5) 4.3 
Timothy, in seed. . sectocoo |] Gott ft Wome |) Oo Pa ll a7 lll 
Timothy, mountain *..... .. | 37.5 || 1.4)19.6| 0.5) 22.1] 14.8] 4.8 
Wheat grasses, miscellaneous *...| 45.3 || 2.2/24.1| 0.5/297.4| 11.5|| 6.4 
Wild barley * Ree eee | SOR eee 4 | o-9) 1) 0.7 1929)" eeollas 
Wild oata®....................| 36.6 ]| 1.5/18.7| 0.7|21.8| 13.51] 4.2 
‘7 Ls Gia 2 ae ane et 23.3 |} 2.1) 10.4) 0.5/13.6| 5.51) 5.9 
Green fodder from the smaller cereals 
Barley fodder. . Peat. | 20-2)\e2.o) tho} O41 IAL 7 bse to73 | 1 3:°628 
Buckwheat, Japanese *.. es oO2O nae ki c4 |) (O.9)| 200 |) eOs4a|(e veda: 220193 

- Oat fodder. . oma COL 2a) | LES) 0.8) 15.9))\n oeOlh Sed |S (7 
Oat fodder, 8 in. high *.. soo |} USO 4]| Bach Zbl Weal GI These See 

» Rye fodder io... | 21.3 || 2.1/12.2| 0.5/15.4| 6.3|| 4.2 1.5] 4.9 
Rye fodder, 5 in. high.. en Se owe O.2))) Of 12 Oi) sae) Tie cil 

» Wheat fodder, all analyses elt. 27.4) 2.8)15.1) 0.6)19.3) 5.9) 5.8) 1.9] 7.2 
Wineat fodder dim: biel) | 24.02) 5.01 10.3] 0.5) 16.5)  12-210.4 | hi) a. 



664: FEEDS AND FEEDING 

Tasxe III. Digestible nutrients and fer tilizing constituents—con. 

Total dry Digestible nutrients in 100 lbs. | mete F prea eee 

Pooimnesetat re Crude | Carbo- ratio Nitro- Phos- protein ‘hydrates “Fat | Total gen hari Potash 

FRESH Grenn Aen GHAGE—con.| Lbs. || Lbs. | Lbs. | Lbs. | Lbs. | 1 Lbs. | Lbs.'| Lbs, 

Green legumes 
Alfalfa, allianalyses. 2... acc 2) 19)|-2069° ||'78"3)| L054) OLA TAT Ge O24 2) leo ion 
Alfalfa, before bloom *..........| 19.9 || 3.5] 7.5) .0.3)11.7). 2.3] 7.5 vi 
Alfalfa, in bloom) *2......- 722 6s2/) 2029011 38.3) 1OkSt) (Ou8 14S Seo ar ONMi eye eee 
Alfalfa, after bloom *..:.......-.-| 29:8) 2.1/13.65 | 0:2)16.0) 6.6).4.6) 1737-9 
Beggarweed *...).).48. 2.64.) 20414) 8:0) 1106) O21 15-1) 3296. talis 2emmoed 
Clover; alsike *. 2.2 i cslcel ta) 24030 (2.7) 108.| Or A TSCA AT GeO le Sania 

Clover, alsike, in bloom *........ 21.5 || 2.3)10.4| 0.4/18.6) 4.9]) 5.6 is 

Clover, bur * ee ee 5 20KS aaa S62) clea ela Te a8 ae seo fi 

Clover, crimson. . cube say al’ LEAN P2328 IN| tO cas TS id Oi AA Osl eee Onlin 
Clover, mammoth red oa. eel Bel] DAUD A OSU 15. 8. 4 0OsliGut as 
Clover, red, all analyses. tell 262 2 A820 OG eT | ord MOnOnkelsot ono 
Clover, red, an DioGnd Fle en ac Doel REC TNLOeO aOey (Sela Sea lONG x 

Clover, red, rowen..............| 84.4.) 3.3/15.4] 0.8)20.5| 5.2]/ 8.5) 2.0] 9.5 
- Clover, sweet *.................| 24.4 |} 3.3/10.3] 0.3/14.3| 3.3] 7.0] 1.3] 5.0 
Clover; white *... 25.0. 66.2023.) 20-8) (8211926) 90.5 1S. Bit 3 oh 4) ioe 
COWDERS. Coc scdene cen geeks see | LO68 NH 2.8/8.0) OLS TE Oi) 38) aS ele Oe 
Mat ped ah. stale ns ar ee pee 8 een As 6] O41) O14 246.) 202 |e OL) A oN AaNG 

Jackibeanir ances Gasca e 3 232971) “AO 92) | sOu3)| 13.9 92 58 e8 | sia ere 

Horse bean *)20.02 sieved ew. 2st] 17 6) 2.8) i724.) 08:|.10.901 (219i) or St elated 
Kxudzu vine * : he ee | BO86|| 402i TBO ORS: AOE 2s Se OilleeSinen meee 
Lespedeza or Japan clover *:......| 86:6.) 4:5 117.1"! 0.61/23.0 | 24.7107, See 
Dupes ae. vce decuence | LR 226) 1820012028) 1.38) S3R3) Moca Oe OMon 

- Peas, field, 'Ginada,css. pee 1626) |e 2.9!) Se OES MOC Cees eons melee eee 
Peas, field, miscellaneous *.......| 18.8 || 2.6) 8.6] 0.3)11.9| 3.6] 5.1] 1.2) 3 

Ganfom: . 0c sclhete vee ceteete || 2oO MN 2.802. 34 Orb) 6 2S Oc la meses Rea) 
Serradella * oi. 2 econ eee eee: 90.2 182.1)°8.9) 0.5 )12.1)) 4:81) 4°6)051.3)) Aan 
Soybeans, all analyses..........| 23.6 || 3.2/10.2) 0.5)14.5| 38.5) 6.6) 1.8) 5.7 
Soybeans, in bloom * Bee) 2OES 7 SSO MSHS n a O43 sD 52) aie 3 U8 Es Ore es 

Soybeans, in seed * N24 OES AO. Ze ORS TA OWS eS) One 
Trefoil, yellow, or black medic * 227M ded ROL | OLS VS e2 19 uO eee 

Velvet bean * ssc 0s degen ee) LEO WZ GIT 2.04 LOR Sa eS On OnOs ee lecog naa 
Vetch, common.) 026.0. 04..0i:| ZOE 2.0) 8205), Ons) T2s3 9 ShON Or IN ae Gi Road) 
Vetch, kidney *.....2..8 2c. 2) 27a bOI 12 8.) OSG ola eo 2a Ono alee 
Vetch, hairy tion. e aie. cre ll) LO ala ool oe One lela ZeOU IO. 2 panel 

Vetches, wild... 6.00.40... 00:| 24.65) 4.2112. 100 0.4) 17 ais ta 8 Zee OG 

Mixed legumes and grasses 
Clover and mixed grasses *......| 27.3 || 2.2/14.1| 0.6)17.7| 7.0]) 4.8 
Cowpeasand com*............| 20.0 || 1.38)11.4] 0.3)18.4) 9.3]| 3.4 
Cowpeas and oats *.. 202.021. 2168. \363| 91a ORG 1828))) 322 aie a 
Cowpeas and sorghum *.........| 18.7 || 0.7|10.0} 0.3/11.4}. 15.3]| 2.4) .. a? 
Peasand millet *....2.0.... 026) 10.7) 1.9) (8-4 Ons TQ o1 yon Fe oe a eee 
Peasiand barley. 2.0.05. <2. 2c «| 2020) 2-7 | 8828 O85 2.6 Sea sone: mela G) ED es 

Peas'and oats:.-cs2:.-- 0-2-2 0. | 22-6) 2.41102 6)) 5076 14-4 | 5 :OillOr lea Oral 
Peas, oats, and rape LER AR aA W769 2 BN TES Oso LOL | Sie ||ROR Ol els Opler 
Soybeans and corn * RENN EPYe 2328) \) LA) LSeG OG) 160075) 828) (4S sll ATR) 
Soybeans and kafir A etetg Be ib. VW ORD nee OWA “ORATOR Si oe? ia 
Vetch and barley * ee AN 2O0K0n | P21 ORS FR OR2 SEO Moet aes PEhe 
Vetch and oats..............-. 26). 5 WP 2CS Tee SO. 470s) Oe Ges ela Os ORS) 
Vetchiand wheat...) eiyelt| 2267) |) Sede anne ise oiimmonal les 2 



APPENDIX 665 

Tasue III. Digestible nutrients and fertilizing constituents—con. 

‘| motal al Digestible nutrients in 100 lbs. Las Reralisiy one taants 

ee "its | Gade [Oate| pa [aaa | | ow | Be 
protein hydrates Lap ge pone Potash 

FRESH GREEN RovgHace—con.| Lbs. || Lbs. | Lbs. | Lbs. | Lbs. 1 Lbs. | Lbs. | Lbs. 
Roots and tubers 

NNO RES 5 oa Adc ca eooosc sn ol) ASW) UO BRO) Opslaan al ze Zhe) 
CCE RCOMMON ES sayeth ee ee en) Ong) Oly Okt LOe2 1023) ||" 226i ele Ollesro, 
IBeeuIsUear tut eet eee le Osa lee 2 Gile OoL 1400) LNs | 26 LOS noes 
(CEMRoIhg Coen nacascde mabe ee cose ell TNSCCH) ORO TSG! Wea IN TONG ae) als T9277 
(CHSSINA NS Go ose alos noeeooee sec S20) OHO 2a OLANe ek Cera TSN TO) 440) 
pita eee A eee 200 OLA LO 2, S38 1L8.0) 44. Oded oe jetta. 

MUNYA, Go eG hea woonecor ode || Desh Water MOeZS CORIN 7Aaebills teh eal Aaa Cell 40h 
Olney Los ibe ole cea dn ones ode UE Wasa OG mena KOs yy AEE) Bz hs O)e@)i|, Ao: 
Rapa an eee ase eel, |) LOLOn | deo | 1225 SO 414s 7 LOLS Decal ames rano 
Oe ne a eee leat aed Sea Oe ty 17am | 1495) || Seo) | ele os eS 
SDRC Ake ee ae toe LORS Olid O.31 9°41) 824029) eNO 
ween potato. kn... sal 7-2. |) olan! (0.992452 15 0-31 25.8 | 27.7) 229) O29) vont 
enn sees + ara cosdceossoll Qed) LO) GON Oo bl Geb Beso Bi BO 
Wiacelianieous = green forage 

Alfilaria * jdoecocvcecoos sl) LOB Ip Bn Ol OA OG] SoZ Bell eel ses 
Apple *. bodocenbecocccoouel| Wc Weeall 1k30)) OLA ZOO) Woes) O53] 1.6 
Apple pomace Sree eee ae eoron| | rl alloGl OLoilSe6.) 1425) 226) | OZGi hele 
[Biman 5p aceauacccncovoovcoel LOO Bor eS Oe Wee SON) Abs ell S 

- Cabbage. ee Sen lacd) OL OIMOE Ai WeOule oe2lle dio) OL mmlRoeo, 
Cabbage waste, ‘outerleaves...... WALL) eA eB Ooi) SA Bs) ABN bo cee 
Cactus, cane, entire plant *...... 10.4 || 0.4] 5.8] 0.1] 6.4] 15.0]| 1.4] 0.3] 2.1 

Wacruis, cane, fulton. ..4. 44.2. |- 1826] 0-8) 9.9) O58 | 138i) 2.4) ck 
@actus, cane, stems. *y.......-.-. 21.7 || 0.8}11.8] 0.3/13.3| 15.6]) 2.4] 0.8] 4.8 
Cactus, prickly pear............ 16.5 |} 0.4) 8.9} 0.2) 9.7] 23.2] 1.3} 0.7) 4.3 
Cactus, prickly pear, old joints *. .| 16.4 |} 0.3] 9.1] 0.2} 9.8] 31.7|/ 1.0] 0.6] 4.0 
Cactus, ve ee est young 

joints *. ee eee see 9) O)4) GEG OFS Se OF S1920)1) 14 Oxo eSes 
Henle wer Someta ates ot eae eo IES EON AS Tels OS Aisoa| $228) [PUB eSh ees ieale 

Kohlrabi * eed el On| leads Or Orlp Oak ico) || ume: || Seo: || 4 sacu| eee 
Melon, pie, or stock * sadedeconcall Wall ||) Mca) BO Wei he | > clOyl| oI cell coe 
Mustard, white * secoocso ssl] HON) S6]) G25) O83] MOK > AON WB} ces |] coe 
Potato pomace, Treo ere) MSPS ROREINGIO) ORL INGIG) Ho 4 llndi im ieolnene 
pnickivacomireyase a) ee see a zee) eee || C20) On|" 9 4 S28 420) ales) OES 
iPivinayollatmy lle GSecncucscneocae|! fica) shy] AEts| Wat] oer Gy) Zi) a) e332) 
TEqousslbeayss Sos Gacesnoecnacoocccuc|| HOGS BO Gehl Wel) CA | AS eoo) 1) IL © |) TS} 

Rape. scococcecsscaal LO |] ZOO!) Oya | Zi) 4bG])) Lol] So 
Rossian thistle * secceccesoce|| AU AAT Boal WO] MoO i Bs 4 oon It Gee 
Saltbush, Australian * .......... AS) 8) |\) Aash|| DO Wara]| Wot 2.2|| 5.9] 8.4/14.1 
Saltbushes; muscellaneous *......| 24.3 || 2.9] 6.6) 0.1) 9.7) 2.3) 6.2) 22. 9.2 
Sara beet leaves * soccer ede!) WIL LPM sau earn t 9 eb G3e(0)|| 8 Les bs 
Sugar beet tops *. . seceeooe|| Wegby) Mev Gb Mau) 7728s) By AE) ©) Gt 
Sunflower, whole plant poe eser leo.2 1007 | L318 le Grailsus)| ye sale 
uM pROpSEe ees ok. LOO 1S 773i] Oa 9738 4.2|| 4.5] 1.5] 5.2 

canes 

Silage from corn, the sorghums, etc. | 
Corn, well matured, recent 

Ra lysesee eee eee = =| 20 ca doh 15.0)| Oe7 117.7 (els Bl) 334) W644 
Gonna imma purese eerie. = |) 21 Obl le ON Teas ORAS 23: | l223)|\) 32 Olle eae 5 
Corn, early analyses............ Doe Le O)) L226) 0x6) Lon ON 1470) 3 Oster seg 
Corn; from irosted'com *..- 2... -|) 25.3:5)) 2.2) 18.7) 0.6) 1623)" 12..6}) 3.5) 125) 4.3 
Corn, from field-cured stover *....| 19.6 || 0.5] 9.9| 0.4]}11.3] 21.6|| 2.2{ ...[.. 
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Tas.e III. JUS uln nutrients and fertilizing constituents—con. 

Total dry ~ Digestibl nutrients in 100 Ibs. ek F crHlizine sonsiinents 

ren MOD Ibe Crude | Carbo- | ratio Nitro- Phos- | protein /hydrates| Fat | Total gen pherie ees 

S1LaGE— con. Lbs. || Lbs. | Lbs. | Lbs. | Lbs. | 1: || Lbs. | Lbs. | Lbs. 

Silage from corn, the sorghums, 
etc.—con. 

Dutra * 22 see a ee aes hone) 20 Sal OPO S99 OLA eel Se Oi iebe 
Kafir. . Sek oh ee oh os 0028 NOLS tO cant Ok On Leos 20KO) |b co 
Sorghum. . PE Rees ban ce] 2220) OLOV ATG 0 sbi 18 cdi Ail Seas le ae 
Japanese cane *. . TS SS S224 Oi ells) FO soe Po) Ges) |e 2a 
Sugar-cane tops *............---| 28.5 ||.0.5/12.2] 0.2)18.1) 25.2) 1.9 

Miscellaneous eine 
Alfalfa * nscbinsante sig dtiakele cidtatan | BACON? SLO nud soa Olle OWA er eriallivot.O Be 
Apple pomace * Laid evw om weed | OKO M: OLOTS O4 RO Oui sue 18222. On Orsi ae2 
Barleysr cast Maree eres tae 25:0 Mh) SLO 12208 CO 8 LOS, Geol coat ites 
Clover iodsheilaene CSL On Le Lou 9 2o8l OUD ON seri (hOe Oia ; 
Corn and clover * Oe cient ele wa ove,|| LOO 2 LOOM Oat 19.617 f8i3)||oeoe | lee tsena eee 
Corn and rye *.. ee cece | LOCA MSO. 08) ROWS 3) Teh Aa cet eres 

Corn and Sie obit ck sets Sone DAT N16) 1328) (0.81722) “928i e470) hl Gas 
Cowpea. . tee Mena eeeO:|| 18 LOM “O76 Teco Gees ele Silrons 
Cowpea and soybean *.. Oak P28 Dal Go. 2) SO Oe. A. at soillOe ah ada eoRO 
Field pea * ee at 27. O5|| eesloaeh On GU720"l 25.4 Oils WE2e On mene 
Millet *. te BL 647 LOS 35) 2 Osi 1S 3751 al aii Aeon eecree | eee 
Millet, barnyard, ‘and ‘soybean. ..| 21.0 || 1.6) 9.2] 0.7/12.4) 6.8] 4.5 

Mixed grasses. 24.022 .hee eee | SORT ell, U53))15..03) 50 6d 20) 1G |r dair ce 
Oat * rattle oH ge ot Sore HL 2O oullialeon lon oa HOC OMNL Co) Ono) moa Bae 
Oat and pea. . ee a 2T O22 G8 sO Ee Gi aca OR Ulta rae ianO 
Pea- camnery refuse *. LW aes Seyi 23.2) 126) 1264) OCS LS ON See aeons aes ne 
Rye *.. vite tae E2T 2 2A TEA Oca LONGI) a2) eA Suli eleva Oro 
Sorghum and cowpea * Rela ieee 32'.3)|) 0.95) 16.6 4)" 0.6) 18.9), 20501)" 3-8i) See eee 

Soybean. . Dien Goss bewes ef o2 tol M226: lle Ou: 75 Wie 2 esl Si Ged ple ral cieel 
Sugar beet leaves * 5 23208 | Sota 1020) SOF 4 Srl Mom Aa ne 
Surar beet pulp S2e.7% = eee ate 10.0 || 0.8} 6.5) 0.8] 8.0) 9.0]) 2.4 
Vetch. . . fsldtc cs 2 (oO stall 220" To 2 OF Sie LOZ Oi oeo)||(os0 
Wet brewers’ orains * eee ee QOES I SoZ aL Se ae Os 20K a0)|LOe2, 
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TABLE IV. WouFr-LEHMANN FEEDING STANDARDS FoR Farm ANIMALS 

The Wolff-Lehmann Feeding Standards have been fully discussed in 
a preceding chapter. (156-8, 168, 187-8) It is there pointed out that we 
now have more accurate data on the nutrient requirements of various 

classes of animals than was possessed by scientists when these standards 

were formulated. For students and stockmen who desire to compute 
rations substantially in accordance with the Wolff-Lehmann system, but 
taking into consideration the results of recent feeding trials at the 
Experiment Stations, the authors have drawn up the ‘‘Modified Wollff- 
Lehmann Feeding Standards’’ given in Appendix Table V. The Wolff- 
Lehmann Standards, as last presented by Lehmann in the Mentzel and 

Lengerke Agricultural Calendar for 1896, are here given, however, 
because historically this table is worthy of a place in any book on the 
feeding of farm animals, and further because no matter what line one 
may ultimately follow in these matters, he should know and understand 
the teachings of Wolff and Lehmann. 

The standards for milch cows are given for the middle of the lacta- 

tion period with animals yielding milk of average composition. The 
standards for growing animals contemplate only a moderate amount of 
exercise; if much is taken, add 15 per cent—mostly non-nitrogenous 
nutrients—to the ration. If no exercise is taken, deduct 15 per cent 
from the standard. The standards are for animals of normal size. Those 

of small breeds will require somewhat more nutrients, amounting in 
some eases to 0.3 of a pound of nitrogenous and 1.5 pounds of non- 
nitrogenous digestible nutrients daily for 1,000 pounds of live weight of 
animals. 

Per day per 1,000 lbs. live weight 

Digestible nutrients 
Animal % Dry : matier | Crude | Carbo- Nutri- 

protein) evea ly cr ivane 
Lbs Lbs Lbs Lbs 1 

1. Oxen 
Jat, Sasi Tha 15) ee a ees ree eae Ba eC A LE 0.7 S30) |] Mail}, Wl 
MUD EG AWOLK -a.c.sos oh AEs, or escaictaaued sl (22 1A ORO MmORS Coll 
PATEMeCTUM ne OL Kiss cient le elke ce oe aekea CAs 25 Ze Own eles ORS 6.5 
PAM CANVAVOD Kes aes He «coe srstsleys + y nie ce 6 al 28 2.8 | 13.0] 0.8 5.3 

2. Fattening cattle 
HTS tr EtIOUMM EN Ae cleo sae ee ete tl BO MD |) USO |) Ose 6.5 
NWECOUGIDEHIODM Rc his... ase a esse aca. cs ele) BO 3.0 | 14.5) 0.7 5.4 
SUT ERIGGE REAM Ce aise i cease es sacecc cer 26 Zeige toni Ol 6.2 

3. Milch cows, yielding daily 
iM Opoundsiot mee es. see oe ee | LGM S100) | 023 6.7 
GHO pounds Oli keer... =. f! ose Ss oes sf ADT. AO) |) ial .@ |) 4! 6.0 
PO POUDGS OMI 8.5 oss toda hs sae eh 29 ZeOm els cO) |) O25 Sach 
Pie MOUNOMOb rake ste. vecet oye hel ut 82 BB) || WBO) Ie O28 4.5 

4. Sheep 
BORESENTOG SPE AH: Metta ccs ee eek Ses ee ZO ee 10.55! O22 9.1 
re WOO gece orn hihi nie re alle fic as west ROS 1h) PO) || Oe 8.5 
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Taste IV. i olff- Lehmann feeding standards for farm animals — continued. 

6. 

10. 

1k 

. Breeding ewes ; 
Wathilambsivse. tet atcaelia Mavis eeche hey eee 

Animal 

Per day per 1,000 lbs. live weight 

Digestible nutrients 
D ———— 

matier | Crude | Carbo- Nutri- 
protein) ,by- Fat tive 

Fattening sheep 
Hurstapenlod has tse sctrcania enc ote kee een 
Second! periodaiet seve a eaten as eee 

’. Horses 
Tight Works: ae Pas eaeied adie aes caneeeaae 
WiedinimiswOrks: epee et tere eee 
les vay Wonka te ponka ke ees et ames hence ree 

LY BTOOU'SOUDS cea eck ode Pe Rw Ee Siete ope IG 

9. Fattening swine 
Pirsti period ent 9. entre seu de naenb tee 
Second, period’, eae. ciacutacies Rete ota che aiae 
hird Periods ce see tee gee are ier ree, Mea 

Growing cattle, dairy breeds 
Age in Av. live wt. 

per head, lbs. 

DRS A ler he Geena ote tie epee LD Oi epan came erate ot ak Ainge abe 
Sane ihe tere eh ante hos eo kaece esate gots curate aig 
Gal ei hs aie dra tite MOUOK ase tancend ay aie gene ard 
DENS Sayer coo is sos eerie aay carci vase Masten 
TQ ADA is ec tereta da ss 2 ian OO 6 hist tire feet hata 

months 

Growing cattle, beef breeds 
aay ey beeen e erie 1100 ec Game etnce cece eee 
Bem My Pag kel era AO et de feelin ere a 
Gal ern ees lire OO reais oer hake te can roe 

12-18. ee WSatiot eb ha DO hac cenetnd Oe eee eye 
18-24. . aaa MERE ieee OOO eee aso ea there ts 

2. Cane ee. wool breeds 

Ge aac ed arent Oe te wee ieee 
Tee ct te Sara Vie ep OU EO Pe eaten eaten RE 
Eee ee 2 OU Uae epee aes 
5-20. . Bae erotic antral 0 Chante Spartan fo 

; he eG mutton breeds 
ARNG ings can diets: snus. nce ears OU nae att meme emcee 
Ga Sines Mico eh, goes tg te OU Line CR aod Pree 
STA cps tSsuentes tb Mitagd ceaapceeel OO Mihemereencmeee ret roman ences 
ys RP cae anh 0 ed sea Rw Per 
TB 20 6) od! arate pal lis 0 ean meets yeaa 

. Growing swine, He slock 
ER AMO TRL Sf Suen ec, wo. 
De Diop tera, « Matoetens tail OO Sake ee ei eye. nee a eae 

Ga iSivicd leans het ytic oes DOOR ah etre Sz eaeeeee 
STP ce Sate dace oeeheyefrstareteO es for cage ToRe sitoensiay seme 

rrowing, fatlening swine 
Di Ocnccet epee canine tee HNO ME a elie hal ane 
OD ita itge ce eittces wield 5. eut AHL OO Byeeede eee y= ae 
B= 6: 2.s tee thectays ceva Sapo Opec Gharib pcteutone 
Ge sre eter ote aera LOM 4 sr, GiAle ban tn: WAU 
Loa arn rarer es OU Onroad hey ninin awe 2 

| drates ratio 

Lbs. Lbs. Lbs. Lbs. Ls 

25 2:29 NW LO ORNOeS 5.6 

30 3.0 | 15.0 
14. iw) ie/e) w or Ot S19 2 1 He Or 

ed) 
11.0 
13.3 

oH MoM 

(fu) nC) 
NP NIOSH 

NS) ae 
ooo 

bo 7 

PRD Wwe SC MSV) 

ee bo 

Oownw @ ooorlbhl (SU SS) Kanan) CO AIC Ore CUS Or 

bo or 

Phew COO OVverbo 
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z oS ; 
Oonw oo ooorthb Be OUNT OT © SOD bo OO ONL 

~~) w 

Ree bb Go Or CO 

-— = 

mwoun-. SOS We OF NT ST NTO Or Or IOORO 

1) pS 

bobo eo oo Onone 
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) He OF 
Cowon cocooo He OLE AT CO Door mwnwoe 
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TaBLE V. Mopirrmep Wourr-LEHMANN FEEDING STANDARDS FoR FARM 

ANIMALS 

It has been pointed out on previous pages that the recent investigations 

of the experiment stations of this and other countries have shown that the 

original Wolff-Lehmann standards are in many instances inaccurate. 

(187-90) To provide a means by which rations can be computed sub- 

stantially in accordance with the Wolff-Lehmann system, while taking 

into consideration the results of the recent scientific work on live stock 
feeding, the following standards are presented. The recommendations for 

dairy cows are based on the standards of Haecker and Savage. (182, 184, 
186) The standards for growing, fattening steers are hitherto unpub- 

lished recommendations by Haecker, based upon his extensive investiga- 
tions at the Minnesota Station. (123) In the recommendations for 
fattening lambs the Bull-Emmett standards have been chiefly used. (175) 

The standards for the other classes of farm animals are based upon studies 
by the authors, of feeding trials at the various experiment stations, and 
upon the standards of Kellner, Armsby, and Pott. The method of com- 

puting rations in accordance with these standards has been fully ex- 
plained in the text. (190, 193-5) 

In most instances a minimum and a maximum are indicated for dry 
matter, digestible crude protein, and total digestible nutrients. As has 

been pointed out in the text (146), when protein-rich feeds are cheaper 
than carbonaceous feeds, somewhat more digestible crude protein may be 

supplied than is stated in the standards. This will narrow the nutritive 
ratio beyond the limits here indicated. On the other hand, the amount of 
protein should not fall much below the lower amount indicated. 

These recommendations are presented, not as final, arbitrary standards, 

but as approximations, based on the older standards, on the data of recent 

experimental trials, and on the rations which have given excellent results 

in practice. It is hoped that in the present form they may be helpful 

until future investigations have thrown further light upon the nutrient 

requirements of the various classes of farm animals. Modified standards 
are not presented for growing dairy cattle, growing sheep, and growing 
pigs (breeding stock) on account of the lack of sufficient data. 

Digestible crude) 'Total digestible 
protein nutrients 

1. Dairy cows | _ Lbs. Lbs. 

For maintenance of 1000-lb. cow. eae Yap So och ak 0.700 | 7.925 

To allowance for maintenance dd | | 
.045-0 .053 0.256 For each lb. of 2.5 per ct. WK bed cooeeede coder sees a0 

Poreschibser 3.0 pernct. milky i. 054.0000. 6. ete. - |) O047=0)..057 0.286 
For each Jb. of 3.5 per ct. MiUlk........iccgnevt toe serecttace sapeem}0..049=0,.061 0.316 
For each. |b. of 4.0 per ct. milk... 7. .......:...........| 0.0540 .065 0:.346 
Por'esch lb: of 4:5 per'et. milk... 22.2.2... es -|10.057-0).069 0.376 
Bor eachibnor oO penetimilk.:......14. 1% dhe. . 4%. -|) 0060-0073 0 .402 
Horeschih. Ol ob penetymilk.j. 2.55.2. 4. eo ee5- e 2 |) O064-0..077 0.428 
Homeachibs owo.Opercbhamilkoy. =. ...02.20-.--.5-. |" OL067—0, 081 0.454 
Hor each lb. Of 6.5 perles. muilkesWOss 0.8 ois ee 9: | 2072-0 .085 0.482 
Honeachiios Of Olen clamor. .e.. 2. eee ae - OL OVA—-02089) 1) 02505 
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The amount of dry matter to be fed daily per 1,000 Ibs. live weight to 
dairy cows may range from 15.0 lbs. or even less with dry cows to 30.0 lbs. 
with cows yielding 2.0 lbs. of butter fat per head daily. Cows producing 
1.0 lb. of fat per head daily should receive about 21.0 to 25.0 lbs. of dry 

matter daily per 1,000 lbs. live weight. The nutritive ratio may readily 
be found by computation; for example, a 1,200-lb. cow yielding daily 30.0 
Ibs. of 3.5 per et. milk will require for maintenance and production 2.31 
to 2.67 lbs. digestible crude protein and 18.99 lbs. total digestible 
nutrients. The nutritive ratio should hence not be wider than 1:6.1 to 
E<T2. 

Actual, per head daily Per 1000 lbs. live weight 
Nu- 

Live weight D Digestible| Total Digestible| Total | tritive 
ry crude | digestible Dry crude | digestible} ratio 

matter | protein | nutrients |™@tter| protein | nutrients 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. = 

2. Growing, fattening steers 
TOO lbss 2 Ao devisees ee loa le 0am 1.66 | 14.1 3.2 16.6 | 4.2 
LOOMS: ones ete Se al, oa wo OLA9 2.58 | 20.7 3.3 17.2 | 4.2 
DOQUDS hee nye alia AeOk gle sO ON 3.48 | 24.0 3.4 17.4 | 4.1 
250 IbSs kaos cckas a gene VOLAOM (One 4.42 | 25.6 3.0 IEPA Chl Wie eae) 
BOOBS hie tebe ieace aul On UUalee OO 5.36 | 26.7 2.7 17 290 OG 
BOOMDS: fete tet well oe otal aos 5.87. 2523 2.4 16.8 | 6.0 

ADO Wbs.5 eet We cee asa) 9e02) | 20.86 6.32 | 24.3 2.2 15.8 | 6.2 
ADONDS i. Nace e eel) LOE sos Ong 7.23 | 24.1 2.1 16.1 6:57; 
SOOUDS sec belay as eel ds Gon dns 7.88 | 23.9 Biel 15.8 | 6.5 
HOOUMDS eee keane sel oe Vom lete 8.55 | 23.6 2.0 15.6 | 6.6 
G00TbS 1.2 Ge oe eet ce On Oealn mLcaa 9.25 | 23.2 2.0 15.4 | 6.7 
WOONDS#xient lee soe | LO So at le a 10.35 | 22.6 2.0 14.8 | 6.4 

SOO bse ce Bae oti aes ale d ool) MisoL 11.43 | 21.4 2.0 14.3 | 6.2 
S00 TDS 21 hice Mine ee eek sl aOeke ed ds 12.22 | 20.2 2.0 13.6 | 5.8 

LOOOM DSi toc eu ee ode el SLO OO 4 oGe SO) 13) Oe Eos 1.8 13.5 | 6.5 
1100Ubs ee ie Cee SIOZ Fy MLS SOUS SEL 1.6 L2G Ord 
1200 Ibsi 2 22 es cael eee ale 2ONlOnly LE84 Lai eles 1.5 ES Taller 

On comparing the foregoing standards for growing, fattening steers 
with the original Wolff-Lehmann standards for growing beef cattle, it 
will be seen that for the later stages of growth these standards are some- 

what lower in dry matter and digestible nutrients. The standards here 

given for steers weighing 1,000 to 1,200 Ibs. are markedly lower in dry 
matter and digestible nutrients than the original Wolff-Lehmann stand- 
ards for fattening cattle. They are also lower than the following 
standards for fattening 2-yr.-old steers on full feed, which contemplate 
the feeding of all the concentrates the steers will eat. Tho cattle fed as 
indicated in the preceding standards will not make maximum gains, the 
gains are produced with a smaller amount of feed than if a heavier 
ration were fed. For example, 1,000-Ib. steers fed by Haecker according 
to this system until they reached a weight of 1,200 lbs. required only 

5.0 lbs. of total digestible nutrients per pound of gain. 
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Thee Per day per 1,000 Ibs. live weight LH se 

Animal Digestible Total Nutritive 
Dry crude digestible ratio 

matter - protein nutrients 

Lbs. Lbs. Lbs. 110 
. Fattening 2-y7r.-old sleers on 

full feed 
First 50-60 days..........| 22.0-25.0 2.0-2.3 18 .0-20.0 7.0- 7.8 
Second 50-60 days.........| 21.0-24.0 1.9-2.3 17 .0-19 .5 7.0- 7.8 
Third 50-60 days..........] 18.0-22.0 1.8-2.1 16 .0-18.5 7.0- 7.8 

mOaiahrestin stall... .....:...\| 13-0-21-0 0.6-0.8 8.4-10.4 10.0-16.0 

. Wintering beef cows in calf... .| 14.0-25.0 0.7-0.9 9 .0-12.0 10.0-15.0 

. Horses 
Talent eae eae ML SROH18..0 0.8-1.0 7.0- 9.0 8 .0-9.0 
At light work.............| 15.0-22.0 1.1-1.4 10 .0-13.1 8 .0-8.5 
At medium work..........| 16.0-24.0 1.4-1.7 12.8-15.6 7.8-8.3 
At heavy work............} 18.0-26.0 2 .0-2.2 15 .9-19.5 7.0-8.0 

. Brood mares suckling foals, 
but not at work............| 15.0-22.0 1.2-1.5 9 .0-12.0 6.5-7.5 

. Growing colts, over 6 months..| 18.0-22.0 1.6-1.8 11 .0-13.0 6 .0-7 .0 
SHQHETUNGILAIMUSe Hate os oe. 

Weight 50-70 Ibs..........| 27.0-30.0 3.1-3.3 19 .0-22 .0 5 .0-6 .0 
Weight 70-90 Ibs..........| 28.0-31.0 2 .5-2.8 20 .0-23 .0 6.7-7 .2 
Weight 90-110 lbs.........} 27.0-81.0 2 .3-2.5 19 .0—23.0 7.0-8.0 

Sheep, maintaining mature 
@oursewoolse.-6- 4.) 180-230 1.1-1.3 11.0-13.0 8 .0-9.1 
ine woolen scsicee --a: || 2040-260 1.4-1.6 12.0-14.0 7.5-8.5 

Breeding ewes, with lambs.....| 23 .0-27 .0 2.0—2).9 18 .0-20.0 5.6-6.5 
Fattening pigs 
Weight 30-50 Ibs..........] 46.2-51.0 7.8-8.5 41 .0-45 .4 4.0-4.5 
Weight 50-100 Ibs.........] 387.0-40.8 5.5-6.0 32 .9-36 .4 5 .0-5.6 
Weight 100-150 lbs........] 32.4-35.8 4.44.9 28 .8-31 .9 5 .5-6.2 
Weight 150-200 Ibs........} 29.0-32.0 3.5-3.9 25 .8-28 .5 6.2-7.0 
Weight 200-250 Ibs........} 25.5-28.1 3 .0-3 .4 22 .7-25 .0 6.5-7 .3 
Weight 250-300 Ibs........] 22.4-24.8 2 .6-2.9 20 .0-22 .0 6.7-7.5 

Brood sows, with pigs.........| 20.0-24.0 2.4-2.7 18 .0-21.0 6 .0-7 .0 
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TaBLE VI. MineraL Matrer in 1,000 Las. or REPRESENTATIVE FEEDING 

STUFFS 

The data presented in the following table have been compiled from 
analyses by the American Experiment Stations, especially the analyses 

reported by Forbes in Ohio Bulletin 255, supplemented by others from 

German sources. 

SS —— 

> ‘ . Mag- | Iron Sul- | Phos- a : ; 
See Gane Potash | Soda | Lime nba aaa Bear phone Silica |Chlorin 

KO |Na:O} CaO | MgO | FeeO3 | SOs P205 Si02 Cl 

Lbs. Lbs. | Lbs. Lks. Lbs. Lbs. Lbs Lbs. Lbs. 

Corn. . AON OLA O22 AES OnL Ns Buse 6 ON OL oaRORGS 
Gluten feed. . Se Eel Ol eioeon |e O ene LA SGe|) Oe2ulb seers RO ROO 
Wheat. . ee ee OLS IGE ONG |) 2e2n  OR23 ie ora oe Oman Oman nO mee 
Wheat flours. fo. den 010° Mi/5 \°053:\) 0.38 3.65) 72.0 pee 0) FAO) 
Red doo flout... sees sc | Onan) ed al aes 6.25)| 20705). cian leo 

Standard wheat Ae eras 11S: | 134) 0.8 32 564 1" 2% ES yatefanl Ma Gest by tat IP A 
Wheat bran.cct. 2e..2. 22.)11622"| 2245) 0295)" 735150284) 1657, 2925.1" S083) 170590 
Oats. . DR es a 0026 P2284) 1A ROR ORSSa| eae Om eS aes oma Oe 
Malt sprouts... if (718.234) 2.1) 220 | 3205-0295 20805) 16%5) | 13593260 
Brewers’ grains, ‘dried... 0.9 | 3.54) 2°20) ©2265) 0.39 | 9:27 | 909 a) A203 ORS 

OUCH TICS ees l eee Orel 0) On 2a eel oe Oreste 4.9 | 41.6 | 0.02 
Polishednice. 6... ..-.-..) O08G O24") OL Osa 2,04! Le os ORS 
Rice pols. sacncge ks ve ee Loe | hon Oa a OOO 4.2 | 30.8 spel kacaye 
Kafirerain. «62 60/e cc | eek (ORS Oca 21h) Vales ire le ens a ees 
Cottonseed meal.........| 18.1 |] 3.5 | 3.6 | 8.6 | 0.84 | 12.4 | 26.7 | 5.5 | 0.39 

Linseed meal, old process..| 12.7 | 3.4 | 5.1 | 8.1 | 1.44} 10.2 | 17.0 | 6.9 | 0.86 
BGAN ENA ViVin® 2 eceese ee Fee WO cial COP 2eoie eases Ae Sa des oa 40°40 
Cowpea ew ee Se Poe] TE AOON 2D be Oe 6.0, ) 10/1 0.40 
Soybean. cnr as 2 tesla y aInOnds Ne2e OM a bas LORS elsif 0.28 
Hammer ke l l 7 OGaleeleeselem Ole OuS Na 2.2 0.91 

Whey. al W268 OAS Oe Guile Ove (ar aally WL PA I a eae heals) 
Beet pulp, dried... 3.8) | 2.29.2 402 3.1) 204 | 99.0 |:0.48 
Distillers’ grains, "dried, 

from COMM!) 2 set es ll alba LOM BORON ay mace cen (halle il ees Opus eam |i ORO) 
Corn stover.......-......| 12.916.5}6.6| 1.4] 0.71|°4.3] 4.5 | 9.1 | 2.87 

Sorghum fodder... (2)... 1) 25.81] 8. 198:9)) B19 |-O07794e ne | 523 3195, Onno n60 
Bluéerass haven... tea) ZU OR Teena)! oO) erga dasha|* (OCR 2, sion Ne Ame 
Timothy. hays’. Viice..426 (13269848 225) AT ORS ao ahi or bela lene lenses 
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In computing rations for farm animals it is desirable to know the 
weight per quart, or the bulk, of the different concentrates. The following 
table, compiled from Massachusetts Bulletin 1386 by Smith and Perkins, 
Louisiana Bulletin 114 by Halligan, and Indiana Bulletin 141 by Jones, 
Haworth, Cutle r, and Summers is therefore presented. 

Feeding stuff 
One 
quart 
weighs 

Whole corn. 
Corn meal. . : 
Corn-2 and-cob meal. . 
Hominy feed.. a 
Gluten feed... . Sane ee 

Glutenmmenicn. en 83 
Genmrolmmedlen mosses ee | 
Corn bran. . 
Wheat. . 
Wheat, eround. . 

| 

Flour wheat middlings...... .| 
Standard wheat middlings. . .| 
Wheat bran. | 
Wheat feed (Shorts a and br an) | 
Wheat screenings. ae | 

IRV Cures ie opine akan etl 
HUENNE A Sachi s. vicac vs ciate «| 
Rye middlings......... 
Rye bran. . 
Rye feed (shor ts and bran). . 

(Onis 6 Ee eee ee ee 
@atinealeete hose ae ees 
Oatseround F655 ox. ee ahh. 2 
OB TRECUM Sr ites, ches Moe eet 
Oat mIGdings yee... 4s ae es cos 

Oa hulls eect os cae 
1Biend (yy bra Seditoren ceo eee 
Barleysmeslenie cre. eek. cfs sis. 
IMaltiSproulis eres ans a 

WHR ON 2 

NOON 

MONIS WHAM CHnayw 

> bt Oe 

Qts. 

See O OONOCO ooce 

“TWH ODO DWONID ONOWO orks) Fon for) aoonint 

oOrocooo 

Foon OFF oOe SIO NI 

Feeding stuff 

Brewers’ grains, dried....... 
Mille taefoxtal ener 
IRNGS TOON 5 6 conc nchoos sae 
RICE DrAay wee eee ee 
Buckwheatsourcsceaccee oe. 

Buckwheat flour............ 
Buckwheat middlings....... 
Buckwheat bran............ 
Buckwheat hulls........... 
(Cottonseedeeeee eee aes 

Cottonseed meal........... 
Cottonseed hulls. . 
Flaxseed. . Be 
Linseed meal, old process. ie 
Linseed meal, new process.. . 

laxefeed panne te eee 
Hlasdscreenin oS anes ee oar 
IBORNIS, IMENAVs bo ccs oo hoo vo 
Cawpeass rah Md es. 2? 
iReastiieldtrereery mire sce 

Soy beanss-p wari tases 
@ocoanutmeal......-.-..-= 
@ocosnuticakehaemeacs secre 
Sunflower seed............. 
Beet pulp; driedt soa.4.0-.- 

Distillers’ grains, dried... ... 
Molasses, cane, or blackstrap | 
Molasses feed. ...........).] 
Alfalfanmnesle saeeeee eee 

low 
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Abomasum, 18 
Absorption of nutrients, 32-3 
Acid, effect of, on digestibility of feed, 52 
Acid in gastric juice, 20, 28 
Acorns, 188 

effects on pork, 188 
Adulteration of feeds, 190 
Aftermath, 219 
Age, influence on digestibility, 52 

gain of pigs, 568-70 
sheep, 512 
steers, 432-6 

milk yield of cows, 346 
Age to breed heifers, 427 

mares, 321 
sows, 626 

Air, heat carried off by expired, 57 
required by farm animals, 67 

Albumin in milk, 77, 344, 346 
Alfalfa, 223-9 

compared with other forages, 224 
types of, 228 
value of different cuttings, 225, 371 

Alfalfa feed, 229 
Alfalfa hay, 224-6 

cut at various stages, 50 
for brood sows, 622, 625 

calves, 420 
cows, 370-3 
ewes, 551 
horses, 314-6 
pigs, 226, 621-3 
sheep, 533-5 
steers, 467—70, 490, 491 

ground, see Alfalfa meal 
in place of concentrates for cows, 371-3 
losses of feeding value in hay-making, - 

218, 220, 225 
loss of leaves in hay-making, 220 
making, 218-21 
yield compared with corn crop, 224 

Alfalfa meal, 229 
for cows, 229, 374 

horses, 315 
sheep, 515 

vs. wheat bran for cows, 374 
Alfalfa pasture, 226 

for cows, 373 
horses, 226, 316 
pigs, 610-1 
sheep, 226, 545 

Alfalfa silage, 228, 258 
Alfalfa soilage, 227, 266 
Alfalmo, 229, 304 
Alimentary tract, 17 
Alsike clover, see Clover, alsike 
Amber cane, 202 
Amids, 6 

digestion of, 28 
in corn crop, 12 
in various feeds, 62 
use by animals, 62 

Amino acids, 6, 27 
absorption of, from intestine, 33 

Amylase, 23 
Amylopsin, 23 
Anabolism, 31 
Animal, as a machine, 103 

composition of, 14—7 
influence of kind on digestibility, 52 
nitrogen and mineral matter in, 16 
not a heat machine, 104 

Animals, checking growth of, 99 
A nutrients stored by young, 76 

Animals and plants compared, 16 
Apples, 247 

for pigs, 247 
Apples and corn silage compared, 247 
Apple pomace, 247 
Apple pomace silage, 258 

for cows, 383 
Armsby’s energy values for feeds, 120 
Artichokes, 244 

for horses, 317 
pigs, 619 

Ash in bodies of farm animals, 16 
in corn crop at different stages, 12 
in corn kernel, 152 
in feeds, how determined, 9 
retained and voided by farm animals, 273 
see Mineral matter 

Ashes, wood, for farm animals, 66 
Assimilation of food, energy lost in, 47 
Available energy, 45 

Baby beef, 504—6 
Bacon, soft, 585 
Bacon hogs, 582 

see Pigs 
Bacon production, 584 
Bacteria, action in digestion, 22, 27 
Bagasse, sorghum, for silage, 203, 258 
Balanced ration, 17 

see Ration 
Bamboo leaves for horses, 299 
Barium salts, cause of loco poisoning, 252 
Barley, 161 

for calves, 414 
cows, 360 
horses, 303 
pigs, 590, 615 
sheep, 525, 529 
steers, 454 

see Cereals 
Barley and by-products in brewing, 161 
Barley feed, 164 
Barley hay, 210 
Barley pasture, 210 
Barley soilage, 210 
Barley straw, 216 
Barrows and sows, gains of, 583 
Beans, castor, 252 

field, 180 
for horses, 305 

pigs, 605 
sheep, 180 

produce a soft pork, 180, 605 
horse, see Horse bean 
hyacinth, 238 
moth, 238 
table, see Beans, field 
velvet, see Velvet bean 

Bean straw for sheep, 216-7, 535 
Beef, baby, 504-6 

effects of cottonseed meal on, 174 
feed consumed in producing, 432-5 

Beef calves, see Calves, beef 
Beef cattle, see Steers 

fattening calves, 433-5, 504-6 
yearlings, 433-5, 506 
2-yr.-olds, 433-5, 506 

raising, 484-492 
summer care of, 484, 489 
wintering, 484—6, 489-92 
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Beef cows, see Cows, beef 
Beef production, 430—506 

cost of, 433-5, 497 
labor cost of, 497 
methods of, 501-6 

Beet, mangel, see Mangel 
stock, for steers, 481 
sugar, see Sugar beet 

Beet leaves and tops, 186, 243 
silage from, 243, 258 

Beet molasses, see Molasses, beet 
Beet pulp, dried, 185 

for cows, 361 
horses, 305 
sheep, 530 
steers, 458 

Beet pulp, molasses, 186 
for cows, 361 

horses, 304 
sheep, 530 

Beet pulp, wet, 184 
for cows, 386 

horses, 318 
pigs, 618 
sheep, 544 

. steers, 457 
Beet pulp silage, 185, 258 
Beet tops, 186 
Beggar weed, 238 
Bermuda grass, 211 

rootstocks for pigs, 212 
Bermuda hay for cows, 379 

horses, 310 
steers, 211 

Bile, 23 
Blanketing horses, 296 
Bloat, in cattle, cause of, 22 

how prevented, 226, 232 
Blood, circulation of, 31 

influence of light on, 74 
Blood meal, or dried blood, 184 

for calves, 416 
cows, 369 
horses, 309 
pigs, 602 
sheep, 533 ' 

Blood of pigs, influence of corn feeding on, 
92-6 

Bluegrass, Canada, 211 
Kentucky, 205 

Bluegrass pasture vs. rape for lambs, 546 
Bluegrass hay for sheep, 536 __ 
Body, growth, under scant feeding, 96 
Body of horse, energy expended in lifting, 289 
Body temperature of farm animals, 54 
Body waste, disposal of, 28, 34 
Bonavist, 238 : 
Bone, increase of, in young animals, 76, 81 
Bone ash for farm animals, 66 

pigs, 81-2 
Bone meal, 184 

for calves, 416 
foals, 326 
pigs, 573 x 

Bones, brittle because lacking lime, 64 
of pigs, influenced by feed, 92—6 
strengthened by calcium phosphate, 

66, 81, 573 
Bran, see Wheat bran, Rice bran, etc. 
Bran disease, 157 
Bread, 157, 270 

for horses, 157, 270 
Breed, influence of, on digestibility, 52 

value in beef production, 439-44 
Breed tests of cows, 391-3 

sheep, 509-10, 554 
steers, 439-45 
swine, 582-3 

Brewers’ grains, dried, 163 
for cows, 363 

horses, 306 
pigs, 163 
sheep, 532 
steers, 466 

pentosans in, 163 
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Brewers’ grains, wet, 163 
for cows, 163 : 

British feeding trials with sheep, 538 
steers, 482 

Brome grass, 208 
Brome hay for horses, 310 
Brood mare, see Mare, brood 
Brood sow, see Sow 
Broom-corn seed, 170 
Buckwheat, 171 

effects on butter, 171 
for pigs, 595 
wild, for lambs, 528 

Buckwheat bran, value of, 171 
Buckwheat hulls, feeding value, 171 
Buckwheat middlings, feeding value, 171 

for cows, 363 
Buffalo Exposition, tests of dairy cows at, 391 
Bull, beef, feed and care of, 486 
Bull, dairy, feed and care of, 428-9 
Butter, effects of buckwheat on, 171 

cocoanut meal on, 179 
cottonseed meal on, 174 
linseed meal on, 176 
potatoes on, 244 
soybeans on, 178 

yellow color, cause of, 356 
Buttermilk, 182 

for calves, 422 
pigs, 599 

Cabbage, 245 
marrow, 247 

Cacti, 249 
for cows, 250 

steers, 249-50 
spineless, 250 

Caecum, 18, 24 5 
Calcium, in blood, 63 

in skeleton, 64 
needed by pregnant animals, 82 
required for maintenance, 64—5 

: growth, 81 
see Lime 

Calcium carbonate utilized by animals, 66 
Calcium phosphate, for farm animals, 66 

é pigs, 81-2, 573 
Calorie, 44 
Calorimeter, 44 

respiration, 46 
Calves, beef, feed and care of, 487-9 

wide and narrow ration for, 91 
wintering, 489 

Calves, dairy, 412-26 
(For the value of the various feeds for 
calves, see the different feeds; i.e., 
Corn, Oats, etc.) 

advantage of fall-dropped, 425 
birth weight, 424 
calf meals for, 423-4 
chalk for, 417 
compared with lambs and pigs, 425 
concentrates for, 413—4, 419 
cost of rearing, 427 
fall vs. spring, 425 
feed and gain by, 425, 427 
feeding concentrates only, 72 
gains made by, 421 
grinding grain for, 415 
ground bone for, 417 
ground rock phosphate for, 417 
hay for, 420 
hay tea for, 423 
mineral matter for, 416 
Pencenveee of food nutrients stored by, 

raising on ene amount of milk, 

skim milk, 412-21 
skim milk substitutes, 421—4 

returns from, compared with other farm 
E animals, 90, 425 
rich and poor milk for, 78 
salt for, 417 
scours, 426 
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Calves, dairy, continued 
substitutes for milk for, 
succulent feeds for, 420 
variety of feeds, effect of, 416 
water for, 417 

Canada field pea, see Pea, field 
Cane molasses, see Molasses, cane 
Cane sugar, 4 
Capillaries, 32 
Carbohydrates, 3 

absorption of, 32 
a source of muscular energy, 102 
compared with other nutrients for pro- 

ducing work, 102 
determination in feeding stuffs, 10 
digestion of, 25 
effect on digestibility of other nutrients, 

51 
effects of feeding only, 59 
energy lost in digesting, 46-8 
fat formed from, 86 
feeding in excess to pigs, 92 
in ripening clover, 231 

corn, 11-2 
grasses, 206 

what the term embraces, 40 
Carbonaceous feed, 41 
Carbon dioxid, amount in air, 2 

amount produced by horse 
during work, 101 

danger from, in silo filling, 262 
how taken up by plants, 
the great food of plants, 

Carbonic acid gas, see Carbon dioxid 
Carnivora, ability to withstand hunger, 56 
Carotin causes color of butter, 356 
Carpet grass, 213 
Carrots, 243 

for horses, 317 
Casein in milk, 181, 344, 346 
Cassava, 245 

for pigs, 621 
steers, 482 

Castor bean, 252 
Catabolism, 31 
Cattle, see Steers, Beef production, 
Cellulose, 4 

dec omposition as 28 
digestion of, 
nutritive Aes of, 26 

Cereal by-products for dairy cows, 369 
Cereal hay, 209 

for horses, 309 
Cereal pasture, 209 

for cows, 210 
pigs, 615 
sheep, 545 

Cereal silage, 210 
Cereal soilage, 209 
Cereals, 149-71 
Chaff from the cereals, 
Chaffing hay and straw, 

for horses, 293 
sheep, 515 

Chalk for calves, 79, 417 
Charcoal for pigs, 580 
Cherry leaves, prussic acid in wild, 251 
Christmas lambs, see Hot-house lambs 
Chufas, 245 

for pigs, 621 
Chyle, 32 
Clipping horses, 296 
Clover, alsike, 232 

for sheep, 534 
bloat from, how prevented, 232 
bur, 234 
combined with timothy, 206, 231 
crimson, 234 
for soilage, 232 
Japan, see Lespedeza 
mammoth, 232 
Mexican, 248 
red, 230-2 

development of 

423 

Nr 

Cows 

216 
268 

nutrients in, 
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Clover, red, continued 
losses in curing, 218 
methods of making hay from 

218-21 
pasture, 232 
Silage, 232 

for cows, 382 
soilage, 232 
time to cut, 231 

sweet, 233 
pasture, for pigs, 612 

white, 233 
Clover hay, crimson, dangerous to 

for cows, 374 
Japan, see Lespedeza hay 
red, for calves, 420 

cows, 374 
ewes, 551 
horses, 313 
pigs, 623 
sheep, 534 
sows, 621, 625 
steers, 468-9, 491 

rich in lime, 65, 82, 232 
sweet, for sheep, 535 

steers, 471 
Clover pasture, for pigs, 611 
Coarse forage, see Roughage 
Cocoanut meal or cake, 179 

for cows, 367 
horses, 308 

Socoa Shells, 189 
Cocoa-shell milk for calves, 423 
Ood liver oil for calves, 414 
Coefficients of digestibility, 36-9, 

Table If 
Colic in horses, due to changes in feed, 

corn meal, 301 
Colostrum, 77, 417 
Colts, daily gains of, 323, 328 

education of, 326 
see Foals 

Ne sees tests of dairy cows, 

horses, 

Appendix 
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Comfrey, prickly, 248 
Common salt, see Salt 
Composition of feeding stuffs, 8— 

dix Table I 
factors influencing, 48—50 

Concentrates, 10 
adapting amount fed to local conditions, 

10, Appen- 

feeding animals exclusively on, 71—3 
proper amount for dairy cows, 399 

horses, 292, 330 
pigs, 573, 631 
sheep, 561 
steers, 438, 479, 494 

Condimental stock foods, see Stock foods 
Cooked feed, 269-71 

digestibility of, 51 
digestion trials with, 269 
for pigs, 269, 576 

horses, 294 
stock, 269-71 

Corn, Indian, 149-53 
by-products of, 153-5 
characteristics of, 149 
composition of, 152 
dent, characteristics of, 150 
ear, for cows, 359 

horses, 301 
pigs, 574-6 
sheep, 523 
steers, 451-3 

shrinkage in drying, 151 
effects of thick planting on, 194 
Federal grades, 151 
feeding exclusively to pigs, 92 
field feeding to pigs, 588 
flint, characteristics of, 150 
for cows, 358 

horses, 300-3 
pigs, 587-90 
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Corn, Indian, continued 
for sheep, 521-5 

steers, 449-54 
grinding, see Corn, preparation of 
heavy vs. light feeding to sheep, 561 

steers, 451 
lacks protein and mineral matter, 150 
loses palatability after grinding, 153 
preparation of, for cows, 359 

horses, 301 
pigs, 573-7 
sheep, 523 
steers, 451-3 

races of, 150 
shelled, for pigs, 574 

sheep, 521-4 
steers, 451-3 

weight of 1 bu., 150 
soaked, for pigs, 576, 577 

steers, 452 
soft, 151 

for pigs, 588 
steers, 454 

source of starch and glucose, 150 
sweet, characteristics, 150 
water in green and dry, 151 
weight of 1 bushel, 150 
yellow compared with white, 150 
see Corn crop and Corn plant 

Corn-and-cob meal, 153 
for cows, 359 

horses, 301 
pigs, 588 
sheep, 523 
steers, 452 

Corn bran, 155 
Corn chop, see Corn meal 
Corn cobs, weight and composition of, 150 
Corn crop, changes in carbohydrates during 

ripening, 12 
changes in crude protein during 

ripening, 12 
composition different 

stages, 11 
distribution of nutrients in ears 
_ and stover, 194 
increase in, during ripening, 13 
losses in field curing, 195, 198 
proportion of ears and stover, 

49) 

yield of nutrients in 1 acre, 11, 13 
Corn feed-meal, 153 
Corn fodder, 193, 196 

for cows, 376-7, 380 
horses, 311 
sheep, 536 
silage, 198, 200 
steers, 471 

green, 193 
for soilage, 201 

preserving, 195 
pulling, 197 
saltpeter in, 253 
shocking or stooking, 195-6 
shredding, 197 
vs. corn silage for cows, 380 

Corn fodder silage, 200 
Corn forage, see Corn fodder 

stover 
Corn gluten feed, see Gluten feed 
Corn kernel, parts and composition, 152 
Corn meal, 153 

as sole feed for cows, 72 
for calves, 414 

cows, 359 
horses, 301 
pigs, 588 
sheep, 523-5 
steers, 451-3 

Corn plant, 11, 193 
changes in maturing, 11 
crude protein at different stages, 12 
distribution of nutrients, 195 
for silage, 198-2061 
losses by ensiling and field curing, 

of, at 

and Corn 

19S 
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Corn plant, continued . 
nitrogen-free extract at different stages, 

2 1 
number of stalks per acre, 194 
nutrients at different stages, 11 
removing ears before ensiling, 201 
requirements for growth, 149 
southern for silage, 199 

Corn oil, 154 
for calves, 414 

Corn preduct, new, 198 
Corn silage, see Silage, corn 
Corn smut, feeding experiments with, 252 
Corn soilage, 201 
Corn stalk disease, 251 
Corn stover, 193, 197 

ensiled, 200 
for cows, 377 

horses, 311, 312 
sheep, 536 
steers, 471, 491 

percentage of nutrients of crop in, 195 
shredded, 197 

for cows, 197 
steers, 491 

vs. mixed hay for cows, 377 
vs. timothy hay for horses, 311 

Corn stover silage, 200 
Correctives for pigs, 579 
Cost of feeds, considering in formulating 

rations, 114, 139-48 
Cotton seed, 171 

as a feed, 172 
for cows, 365 

steers, 462 
poison in, 173 
products from 1 ton, 171 
roasted, 172 

Cottonseed cake, 172, 174 
cold-pressed, 173 
see Cottonseed meal 

Cottonseed hulls, 175 
for cows, 379 

steers, 472-4, 492 
Cottonseed meal, 172, 174 

effects on animal fats, 174 
for beef cows, 485 

calves, 415 
dairy cows, 364-5 
horses, 307-8 
pigs, 173, 605 
sheep, 531 
Steers: 460-2, 468, 472-4, 476-7, 492, 

makes hard butter, 174 
poison in, 173 

Cottonseed oil for calves, 414 
Cowpea, 180, 235 

for pigs, 606 
horses, 305 
steers, 464 

Cowpea hay, 235 
for cows, 375 

horses, 316 
sheep, 534 
steers, 471, 491 

Cowpea pasture, 236 
for pigs, 613 

steers, 471 
Cowpea silage, 235, 258 

for cows, 374, 382 
steers, 481 

Cowpea vine, 235 
Cows, beef, feed and care of, 484-6 

vs. dairy cows for butter fat, 340 
wintering, 484-6 

Cows, dairy, 338—429 
(For the value of various feeds for 
cows, see the different feeds; i.e., 
Corn, Clover hay, etc.) 

advanced registry, 388 
amount of heat given off daily, 68 
annual feed requirements, 395 
as producers of human food, 338-43 
basis of profitable dairying, 343 
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Cows, dairy, continued 
breed tests, 391-3 
burden of dairying, 409 
calculating rations for, 112-6, 

140—5, 410 
care before and after calving, 407—9 
censuses, 390 
changing milkers, 354 
comfort, importance of, 405 
compared with heifers, 346 
composition of milk of various breeds, 

344 
concentrate allowance for, 399 
concentrates for, 358-86 
cooking feed for, 405 
cost of keep, 396 

milk, by months, 395 
dairy vs. beef type, 340 
dehorning, 353 
disposition of feed by, 340 
dry feed for, 405 
drying off, 407-8 
economy of, 338-40 
effects of advancing lactation on 

yield, 347 
age on milk yield, 346 
cattle ticks on milk yield, 355 
dehorning on milk yield, 353 
drought on milk yield, 352 
exercise on milk yield, 353 
milking machines on milk 

yield, 354: 
spaying on milk yield, 353 
temperature on mill yield, 352 

milk 

tuberculin testing on milk 
yield, 353 

turning to pasture on milk 
yield, 352 

work on quality of milk, 353 
excessive and low feeding, 348, 349 
exercise for, 353 
feed and care of, 398-411 

yield of great, 393-5 
feeding as individuais, 400 

concentrates on pasture, 401—3 
exclusively on concentrates, 72 
fat, 350 

feeds for, 358-86 
required by, for 1 year, 395 

when dry, 408 
forced feeding, 393 
frequency of feeding, 355, 406 

milking, 346, 355 
freshening in fall vs. spring, 409 
generous feed and care for, 398 
gestation period, 408 
good and poor producers, 341 
great, feed and yield of, 393-5 
grinding grain for, 268, 405 
grooming, 353 
Hegelund method of milking, 355 
herd records, 388-9 
inefficient, causes of, 342 
kindness in care of, 354, 406 
liberal and meager feeding, 348, 349 
lime withheld from, 64, 351 
loss in weight, 349 
mill, see Milk, cow’s 
milk and fat records, 387-96 
milking machines, 354 

three times daily, 355 
official tests, 388 
order of feeding, 406 
palatable feed, importance of, 403 
pasture, supplementing short, 403 
pasturage vs. soilage for, 385 
preparation of feed for, 405 
profitable and unprofitable, 342 
ration for, should be well balanced, 400 
rations for, examples of economical, 

140—5, 409-11 
when on test, 393-5 

records, keeping on farm, 388 
of great cows, 393-5 

regularity in care of, 354, 406 

130, 

| Cows, dairy, continued 
rest, importance of, 407 
returns from, compared with other farm 

animals, 
90, 338-40 
steers, 

‘ 338-40 
in Swedish test associa- 
tions, 129 
good and poor producers, 
341-3 

roughages for, 370-86 
salt for, 405 
shelter for, 405 
shredding corn fodder for, 268 
spaying, 353 
substituting legume hay 

trates, 372-6 
succulent feed, importance of, 403 
succulent feeds for, 379-86 
tests of, at expositions, 391, 392 

unrehability of short, 389 
tuberculin testing, 353 
turning to pasture, 352 
use of feed by, 340 
variations in fat in milk, 345-53 
water for, 404 
wet and dry feed for, 355 
see Heifer 

Cow-testing associations, 387-8 
Srab grass, 213 
Creep for foals, 324 

, lambs, 558 
Crimson clover, see Clover, crimson 
Crops for the silo, 257 
Crude. protein, see Protein, crude 
Cud, chewing the, 19 
Cull beans, L&8O 
Cutting hay and straw, see Chaffing 
Cylindrical silo, 256 

capacity of different sizes, 262 

for concen- 

Dairy and beef breeds, internal fat from, 443 
Dairy by-products, 181-3 

for pigs, 596 
spreading disease thru, 182 

Dairy calves, see Calves, dairy 
Dairy cows, see Cows, dairy 
Dairying, the burden of, 409 

based on maternity of cow, 338 
the individual cow, 343 

Darkness, see Light 
Dehorning, effects on cows, 353 
Depression of digestibility, 51-2 
Diastase, 162 
Digestibility, 36—41 

coefficients of, 36-9, Appendix Table IT 
depression of, 51, 291 
effect of acid on, 52 
effects of work on, 284 
factors influencing, 50-3 
general discussion of, 37-9, 50-3 
influence of age on, 53 

amount of feed eaten on, 50 
breed on, 52 
frequency of feeding on, 51 
kind or class of animal on, 

52 
palatability of feed on, 30 
preparation of feed on, 51, 

267-71, 575 
proportion of different nu- 

trients on, 51 
starvation on, 50 
water on, 51 
work on, 51 

method of determining, 37 
of coarse forage, 39 
of cooked food, 51, 269-70 
of fat, 38 
of feeds, 36-41 
of feeds high in fiber, 39 
of food by horse, 52, 283 

pig, 52 
ruminants, 52 
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Digestibility, continued 
of grasses affected by maturity, 50 
of ground grain, 51 
of nitrogenous feeds, 52 
of silage, 51 

Digestible nutrient, 17 
Digestible nutrients in feeding stuffs, 

; Appendix Table III 
Digestion, 17 

heat evolved in, 45, 47 
in stomach, 20—2 
of fiber involves much work, 47, 55 
studies of Pawlow on, 29-30 
trials with cooked feed, 51, 269-70 

39, 

horses, 283 
sheep, 36 

work involved in, 45, 47, 55, 285 
Digestion coefficients, 37-9, Appendix 

Table IL 
Digestive glands, work of, 29 
Digestive tract of farm animals, 17 
Dipping sheep, 561 
Distillers’ grains, dried, 188 

for cows, 368 
horses, 308 
pigs, 607 
sheep, 532 
steers, 465 

Distillery slop, 188 
for steers, 465 

Draft, energy expended by horses in, 290 
required on different road beds, 283 

Dressed carcass, composition of, from farm 
animals, 15 

yielded by pigs, 584 
sheep, 518 
steers, 440, 442 

Dried beet pulp, see Beet pulp, dried 
Dried blood, see Blood meal 
Dried brewers’ grains, see Brewers’ grains, 

dried 
Dried Sea grains, see Distillers’ grains, 

rie 
Dried fish, see Fish meal 
Drought, effects of, on milk, 352 
Durra, 168 
Dynamometer, 282 

Earth nut, see Peanut 
Economy in feeding live stock, 139-48 
Egyptian corn, see Milo 
Emmer, 164 

for cows, 360 
pigs, 592 
sheep, 529 
steers, 456 

Energy, 45-8 
available and net, 45 
expended by dairy cows, 340 
factors influencing amount appearing as 

useful work, 103, 288—90 
for animals derived from sun, 7 
for work furnished by carbohydrates, 102 

fat, 102 
protein, 102 

in common feeds, 44, 46 
in pure nutrients, 44 
in urea, 45, 46 
losses of, depend on body surface, 58 
muscular, my pone from protein, 56, 

produced by oxidation of car- 
bohydrates and fat, 101—2 

production of, 101 
source of, 102 

net, 46 
in feeding stuffs, 46 
in feeds determines amount of work pro- 

duced, 102, 284 
lost in chewing feeds, 48 
part expended which is utilized in work, 

required for maintenance, 57 
required for work, decreases with prac- 

tice, 103 
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| nergy required for work, continued 
factors influencing, 

103, 288-9, 292 
increases with fa- 
_ tigue, 103 
increases with speed, 

103, 288 
of animal machine compared with steam 

engine, 104 
of feeds, loss of, in assimilation, 45-8 

digestion, 45-8, 
284-5 

feces, 45, 47 
mastication, 45, 47, 

284-5 
production processes, 

46-8 
urine, 45-7 

see Work 
Energy values of feeds, Armsby’s, 121 
Engine compared with animals, 44, 45, 104 
English system of allowing for manurial 

value of feeds, 277 
Ensilage, see Silage 
Ensiling, manner in which green forage is 

preserved by, 254 
Enzymes, 20 
Erepsin, 24 
Ergot, 251 
Ether extract, see Fat 
Ewes, breeding, feed and care of, 548—59 

care of, at lambing time, 553 
after lambing, 554 

when raising winter lambs, 

concentrates for, 551 
date of lambing, 548 
feed required for 100 lbs. milk, 556 
flushing, 549 
milking qualities of, 555-6 
roughages for, 551-3 
succulent feeds for, 551-3 
turning to pasture, 558 
wintering, 550-3 

Ewe’s milk, composition of, 77, 555 
value for lambs, 556 

Excrement, see Manure 
Exercise for brood sows, 582, 625 

carriage horses, 295, 335 
colts, 296 
dairy cows, 353 
fattening animals, 74 
horses, 295 
lambs, 514, 564 
Digs, 582, 625 
stallions, 329 

Exposure for lambs, 513 
steers, 445 

Farm animals, calculating rations for, 112-8, 
124, 136-45 

comparative fattening qual- 
ities of, 89-91 

composition of bodies of, 
14-6 

importance of, to agriculture, 
vii-x 

manure voided by, 278 
nitrogen and ash retained 

and voided by, 273 
relative economy of, 90, 

338-9, 425, 568 
see Live stock 

HERS) CN type of, to local conditions, 

Farm manure, see Manure 
Fat, 4 

absorption of, 32 
mt formed from various nutrients, 

a source of muscular energy, 102 
compared with other nutrients for pro 

_ ducing work, 102 
digestion of, 25 
effect of cottonseed meal on, 174 
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Fat, continued 
feeding, effect on digestibility, 52 
feeding to dairy cows, 350 
formed by ox in 1 day, 43 

from carbohydrates, 86 
pentosans, 87 
protein, 87 

in animal may resemble that in veget- 
able, 86 

in milk, factors influencing composition 
and yield, 344—57 

globules in, 345 
origin in body, 85 
possible amount produced in body by | 

nutrients, 88 
source of, in milk, 105 
vegetable, 4-5 
yielded by great dairy cows, 393 
wool, 107 

Fatten animals to meet demands of market, 
47 

Fattening, 83-91 
composition of increase during, 83-5 
factors influencing, 89 
influence of age on, 89 

ample food on, 89, 97-8 
breed on, 89 
exercise on, 89 
palatability on, 89 

; temperament on, 89 
object of, 83 
ration for, 88 

Fattening period, cost of gain increases with 
length, 436, 568, 630 

length for pigs, 630 
sheep, 561, 562 
steers, 437-9 

Fattening process, what it is, 83 
Fattening qualities of ox, sheep, and pig 

compared, 90 
Fattening the horse, 3382-4 
Fatty tissues, storage of, see Fattening 
Feces, 28 

heat lost in, 45, 47, 57 
Feed, administration to cows, 405-7 

horses, 297-8 
lambs, 560 
pigs, 624—5 
steers, 500-1 

Feed, consumed daily by pigs of various 
weights, 568—9 

from birth to maturity by 
steers, 432 

yearly by calves, 427 
cows, 395-6 
horses, 318 

cooking, for farm animals, 269-71 
horses, 294 
pigs, 269, 576 

effects on butter fat, 351 
influence on body of pig, 81, 92—6 

milk fat, 349-51 
long and short for steers, 437 
preparation for farm animals, 267-71 

calves, 415 
cows, 405 
horses, 293-5 
pigs, 573-7 
sheep, 515 
steers, 451-3 

relation to work of horse, 282 
regulation of sale, 190 
returns from by various farm animals, 

90 
soaking, 51, 271 

for horses, 294 
swine, 577 

see Feeds, also Feeding stuffs 
waste, utilized by livestock, viii 

Feed adulteration, 190 
Feeding standards, 109-38 

first, 109 
for dairy cows, comparison of, 133 

Eickles, 132, 133 
Haecker’s, 130 

FEEDS AND FEEDING 

Feeding standards, continued 
for dairy cows, Savage’s, 132 

Scandinavian, 126 
Woll-Humphrey, 1381 

for farm animals, 109-38 
Armsby’s, 120-6 
Kellner’s, 118-20 
Modified Wolff-Lehmann, 

Appendix Table V 
Wolff, 110 
Wolff-Lehmann, 110-2, 116-8, Ap- 

pendix Table IV 
for lambs, Bull-Emmett, 123 
history of, 109-10 ~ 
only approximate guides, 115 

Feeding stuffs, 149-271 
adulteration, 190 
coefficients of digestibility, 39, Appen- 

dix Table IT 
composition, 8, Appendix Table I 
control, 190-1 
digestible nutrients in, 40, 

Table IIL 
fertilizing constituents in, 274-6, Ap- 

pendix Table IIl 
guide in purchasing, 191 
oe matter in, 8-9, Appendix Table 

value of, to animal, 44 
Feed lot, counsel in, 493-506 

paved, 448 
Feed racks for sheep, 516 
Feeds, Armsby’s energy value of, 121 

cost of, considering in formulating 
rations, 140—5 

fertilizing value of, 274—5 
how allowed for in England, 277 

for beef bulls, 486 
beef calves, 487-9 
beef cows, 484-6 
breeding ewes, 549-55 
brood mares, 320—2 
brood sows, 624—6 
carriage horses, 335 
dairy bulls, 429 
dairy calves, 412—24 
dairy cows, 358-86 
dairy heifers, 426 
foals, 323-8 
horses, 299-319 
lambs, 558-9 
pigs, 587-623 
rams, 549 
sheep, 521-47 
stallions, 329 
steers, 449-83, 489-92 
trotting horses, 335 
work horses, 330 

Kellner’s starch values, 119 
low in fiber, digestibility of, 39 

in lime, 65 
in phosphorus, 65 : 

market prices not guide to value of, 139 
mixed or proprietary, 189 
rich in lime, 65, Appendix Table VI 

in phosphorus, 65 |. 
selecting, for economical 

139-45 
suitability of, considering in formulat- 

ing rations, 112 
true value of, for work horses, 285 
see Feed, also Feeding stuffs 

Feed units, 126-8 ; 
measuring economy of cow by using, 

134-8, 

Appendix 

rations, 

use in Swedish test associations, 129 
Fertility, buying, in purchased feeds, 276 

selling, in crops, 276 
Fertilizers, composition and value of, 272 

essential elements in, 272 
see Manure 

Fertilizing constituents in feeding stuffs, 274, 
Appendix Table III : 

Fertilizing value of feeds, retained and voided 
by animals, 273 
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Fermentation in stomach, 22 
Feterita, 168, 169 

for pigs, 594 
Feterita fodder, 202 
Feterita silage for sheep, 543 
Fiber, 10 

changed to marsh gas, 26 
digestion of, 26 
how determined in feeds, 10 
loss of energy in digesting, 48 

Field bean, see Bean, field 
Field pea, see Pea, field 
Filly, weight of at birth, 322 

time to breed, 321 
Fish meal, 184 

for dairy cows, 369 
Flat turnips, see Turnips 
Flavor of milk affected by feed, 355 
Flax feed, 177 
Flax oil-feed, 177 
Flax plant by-product, 177 
Flax seed, 175 

for calves, 414, 416 
Flax straw, 217 
Flesh formation, 75 
Flesh meal for dairy cows, 369 

sheep, 532 
Flock, see Sheep 
Flour, manufacture of, 156 

red dog, 158 
Foaling time, care of mare at, 321-2 
Foals, care of, 322-8 

cost of raising, 328 
cow’s milk for, 325 
creep for, 324 
feed for, after weaning, 326-7 
fall, 322 
forcing draft, 328 
mineral matter for, 326 
raising orphan, 325 
weaning, 325 
weight of, at birth, 322 
yearly gain of, 322, 328 
see Colt 

Fodder, ensilage of, 254 
Fodder corn, see Corn fodder 

forage 
Food, cooked, digestibility of, 51, 269 

coarse, energy lost in digesting, 48 
disposition of, in respiration study, 42 
of porse: loss of energy in digestion, 

8 
taken by ox in 1 day, 42-3 
unappreciated factors in, 70 
see Feeds, also Feeding stuffs 

Forage, coarse, see Roughage 
green, digestibility of, 50 

Forage poisoning, 251 
Force, see Work 
Foot-ton and foot-pound, 282 
Fowl meadow grass, 211 
Frosted corn for silage, 200 
Fruit, 247 

for horses, 318 
sugar, 3 

Fuel value of feed, see Energy 

and Corn 

Gain, by calves, 421 
foals, 322 
lambs, 556, 559 
pigs, 568-70 
sheep, 512 
steers, 432-6 

comparative, by ox, sheep, and pig, 90 
of growing animals, 75-6 

Garbage for pigs, 596 
Gasoline and steam engines compared with 

animals, 44, 45, 104 
Gastric juice, 20 
Germ oil meal, 154 

for cows, 362 
Gestation period of cow, 408 

ewe, 548 
mare, 321 
sow, 626 
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Glucose, 3-4 . 
disappears from muscles during work, 

102 
manufactured from corn, 153 
stored in the muscles, 102 

Gluten feed, 154 
for cows, 362 

pigs, 608 
sheep, 532 
steers, 465, 508 

Gluten meal, 154 
for cows, 362 _ 

horses, 308 
pigs, 608 

Gluten of wheat, 156 
Glycogen, 32, 102 

disappears from muscles during work, 

produced continuously in body tissues, 
102 

stored in the muscles, 33, 102 
Goat, Angora, 567 

milch, 567 
xoober, see Peanut 
irade, influence on energy expended 

work, 289 
Grain, grinding, see Grinding grain 

ground, digestibility of, 51 
hogging down ripe, 615 
soaking, for horses, 294 

pigs, 574-6, 577 
Grass, 204-15 

changes in ripening, 50, 204 
curing into hay, 217 
dried compared with fresh, 217 
effects of frequent cutting on yield, 204 

weather in curing, 217-8 
for silage, 258 
gains of steers on, 501—2 
influence of ripeness on digestibility, 50 
pasture for pigs, 615 
quality of young, 204 
time to cut for hay, 205, 206 

Grasses, mixed, 214 
the smaller, 204-15 
see Hay, also Pasture 

Greasewood, 249 
Great Britain, fattening sheep in, 538 

steers in, 482 
Green forage, digestibility of, 50 
Grinding grain for cows, 405 

farm animals, 268 
horses, 294 
pigs, 573-6 
sheep, 515, 523 
steers, 451-3 

oats for horses, 268, 294 
Grooming, effects on cows, 353 
Grooming horses, 297 
Ground bone for calves, 417 

colts, 326 
pigs, 573, 580 

Ground rock phosphate, see Phosphate, rock 
Growing animals, 75-83 

effect of checking growth of, 99 
milk natural food for young, 77 
roughing thru the winter, 147 

in 

‘Growth of animals, 75-83 
increase in protein and mineral matter 

during, 75 
relation between composition of milk 

and rate of, 7 
mineral matter requirements for, 81—2 
protein requirements for, 79-80 

| Guinea grass, 213 

Haecker feeding standard for dairy cows, 139 
Hairy vetch, see Vetch, hairy 
Harness, influence of, on work of horse, 297 
Hay, aids in curing, 220 : 

aroma of, 218 
brown, 221 

digestibility of, 50 
chaffing or cutting, see Chaffing hay 
changes while curing, 218—9 
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Hay, continued 
from second growth grass, 219 
lime for curing, 219 
losses by stacking, 222 
making, 218-22 

under favorable conditions, 220 
measurement, 222 
mixing straw with, for curing, 219 
new made, laxative, 219 
salt for curing, 219 
shrinkage, 222 . 
spontaneous combustion, 221 
time to cut clover for, 231 

grass for, 205, 206 
vs. corn silage for dairy cows, 381 
see Grasses, also Legumes 

Hay, alfalfa, effects of rain on, 218 
losses by stacking, 220 

Hay equivalents, 109 
Hay tea, for calves, 423 
Heat, amount given off by cow daily, 68 

in coal, pure nutrients, 
various feeds, 44 

controlling loss of, from body, 56 
energy expended in body takes form 

of, 48, 55 
how it is produced in body, 55 
loss from body, 56-9 

depends on body surface, 58 
covering of body, 57 
temperament, 58 

lost in digestion, 47 
warming water drunk, 69 

manner of escape from body, 57 
manner of equalization in body, 56 
of body increased by work, 55 
produced by all the work of body, 55 
production in body, 55-6 

influenced by standing and lying, 58 
regulation in body, 56 
requirements for maintenance, 57 
see Energy 

Heating water for cows, 404 
. farm animals, 69 

Heifers, beef, vs. steers, 448 
Heifers, dairy, advantage of home-reared, 

12 

and 

age to breed, 427 
cost of rearing, 427-8 
feed and care of, 426-8 
yield of, compared with cow, 

346 
Hemp seed cake, 367 
Herbivora, feeding concentrates only to, 72 
Herd records of cows, 387-91 
Herd’s grass, see Timothy 
Hogs, see Pigs 
Hogging down corn, 588 
Hominy feed, 155 

for cows, 359 
pigs, 590 
steers, 459 

Honeycomb, or second stomach, 18 
Hordein, 5 
Horse bean, 180 

for horses, 305 
Horse feeding, a skilled art, 320 
Horse power, definition, 282 
Horses, 281-337 

(For value of various feeds for horses, 
see the different feeds; i. e., Corn, 
Oats, etc.) 

air breathed by, 67 
army, feed and care of, 292, 336 
blanketing, 296 
body temperature of, 54 
care of, hints on, 297, 320-37 
carriage, feed, and care of, 335 
chaffing hay for, 293 
clipping, 296 
concentrates for, 299-309 
cooked feed for, 294 
cost of feed, 318 

raising, 328 
digestibility of food by, 52, 283 

AND FEEDING 

THlorses, continued 
effects of exercise and work on, 284 
energy expended in carrying load, 289 

draft, 290 
lifting body, 289 
locomotion, 289 

excess of roughage injurious, 309 
exercise for, 295 
fattening, 332-4 
feed and care of, 320-37 

work, relation of, 282-93 
feed consumed yearly, 318 

preparation of, for, 268-70, 293-4 
required for maintenance, 285 

feeding, supervision of, 298 
feeds for, 299-319 
fitting for shows, 335 
grade, effect on energy expended in 

work, 289 
grinding grain for, 268, 294 
grooming, 297 
hints on feeding, 297 
locomotion of, 289 
magnitude of horse industry, 281 
maintenance requirements, 285 
measuring work performed by, 282 
nutrients, net, needed in work, 287 
nutritive ratio for, 290 
poner eerie by, of varying weights, 

preparing feed for, 293-4 
protein requirements of, 286, 290 
rations for, 331 
relation of feed to work, 282 

speed to feed and work, 288 
roughage, amount for, at hard work, 292 

excess of, injurious, 309 
necessity of, 73 

roughages for, 309-18 
saddle horse, care and feed of, 335 
salt for, 295 
severe work by, 292 
soaking grain for, 294 
speed influences energy 

work, 288 
stables for, 296 
succulent feeds for, 316-8 
sudden changes in feed dangerous, 297 
supervision of feeding, 298 
teeth, care of, 297 
temperature of, 55 
trotting, feed and care of, 335 
unusual feeds for, 299 
water drunk by, 295, 318 

evaporated by, 292 
watering, time of, 294 
weight, variations in, 292 
wintering, 332 
work, factors influencing, 281—9S 

feed and care of, 330 
value of feeds for, 284 
wide and narrow rations for, 291 

work performed by, 282 
influence of speed on, 288, 292 

grade on, 289 
in relation to feed, 282 

types of, 287 
Hothouse lambs, see Lambs, hot-house 
Hungarian grass, see Millet j 
Hydrochloric acid in gastric juice, 20 

in stomach, 21, 63 
influence’ on pancreatic 

secretion, 23 

required for 

Increase Guns fattening, composition of, 

Indian corn plant, see Corn 
Inorganic phosphorus, see Calcium 

phate 
Intestinal secretion, 24 
Intestine, large, digestion in, 24 

small, digestion in, 22-4 
Intestines, length and capacity of, 18 

of pigs, length, 584 
Invertases, 24 

phos- 
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Iron in blood, 63 
plants, 2 

Japan clover, see Lespedeza 
Japanese millet, see Millet, Japanese 
Japanese cane, 213 

for pigs, 616 
steers, 482 

Jerusalem artichoke, see Artichoke 
Jonnson grass, 212 
Johnson grass hay for cows, 379 

horses, 310 
Johnson grass and cowpea silage for steers, 

Cc 

June grass, see Bluegrass 

Kafir, 168, 169 
for calves, 414 

cows, 360 
horses, 303 
pigs, 593-4 
steers, 455-6 

may contain poison, 251 
Kafir fodder, 201—2 

for beef cows, 486 
Kafir silage, 203 

for beef cows, 486 
dairy cows, 382 
steers, 480 

Kafir stover, 202 
for beef cows, 486 

steers, 472 
Kale, 247 
Kaoliang, 168, 169 

for pigs, 594 
Kaoliang fodder and stover, 202 
Kellner’s search values and feeding standard, 

8-2 
Kentucky bluegrass, see Bluegrass 
Kidneys, elimination of waste thru, 34 
Kidneys of pigs, influence of corn feeding on, 

Kindness, effect of, on digestion, 51, 354 
Kohlrabi, 246 
Kudzu vine, 239 

Labor, see Work 
Labor, distribution of in livestock farming, iv 
Lactase, 24 
Lactation, effects of advancing, 347 
Lacteals, 32 
Lambing, date of, 548 
Lambs, see Sheep : 

assimilate calcium phosphate, 66 
compared with calves, 425 

pigs, 425, 557 
economy of, compared with pigs, 557 
fattening, 560—4 
feed and care of, 553, 554, 558-60 
fecding grain before and after weaning, 

gains ape 512, 556 
gain from ewe’s milk, 
hot-house, 564-6 
returns from, compared with other farm 

animals, 90-1, 557 
rich and poor milk for, 78 
spring, 566 
teaching young 
weaning, 559 
weight of, at birth, 554 
winter, 564-6 

Lamb’s-quarter seed for pigs, 596 
Leaves and twigs, 248 
Legumes for forage, 223-39 

for silage, 258, 382 
importance in feeding, 64, 223 
in place of concentrates for cows, 

a fd 

rich in lime, 223 
Legume hay, importance of, for cows, 370 

horses, 313 
pigs, 621 
sheep, 533-4 
steers, 466-8 

556 

, to eat, 558 
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Legume roughages for pigs, 559 
Legumin, 5 
Leguminous seeds, 177-9, 179-80 

for horses, 305 
Leguminous plants for green forage and hay, 

Leguminous roughage contains lime in 
excess of phosphorus, 65 

Lespedeza, 237 
Lespedeza hay, 237 

for horses, 310 
Light, importance of, for farm animals, 74 

abseuce of, favors fattening, 74 
Lime, 64— 

effect of deficiency in ration, 64 
feeds low in, and rich in, 65, Appendix 

Table VI 
in legumes, 65, 223 
required for growth, 81 

maintenance, 64—5 
withholding from cows, 64, 351 

pigs, 81-3 
see Calcium 

Lime phosphate, see Calcium phosphate 
Linseed cake, see Linseed meal 
Linseed meal or cake, 176 

for calves, 414, 415 
cows, 366 
horses, 307 
pigs, 602, 604 
sheep, 531 
steers, 463, 476-7, 503 

new process, 176 
old process, 176 

Linseed oil meal, see Linseed meal 
Lipase, 23 
Liver, 23 

influence of corn feeding on, 94 
Live stock and profitable farming, vii 

consume feed otherwise wasted, 
viii 

employ labor thruout year, ix 
promote intelligent and _ pro- 

gressive agriculture, ix 
uuilize land unsuited for tillage, 

vii 
Load, Sa exoeudad by horse carrying, 

Locomotion of horse, 289 
Loco poisoning, 252 
Lucerne, see Alfalfa 
Lymph, 32, 33 
Lymphatics, 31 

Machine, the animal as a, 103 
Maintenance of farm animals, 54-74 
Maintenance ration, see Ration, 

tenance 
Maintenance requirements, 54-74 

greater when animal is standing, 58 
of horse, 285-7 
vary with body surface, 58 

Maize, see Corn 
Malt, 162 

manufacture of, 162 
Maltase, 24 
Malt sugar, 4, 24, 162 
Malt sprouts, 163 

for cows, 363 
Mammoth cower: see Clover, mammoth 
Mangels, 24 
cae to rams or wethers, 242, 538 
for cows, 384 

pigs, 618 
sheep, 538 
steers, 481, 488 

Manure, 272-80 
barnyard, benefits the soil, 272 
calculating amount of, 278 
care of, to prevent loss, 280 
foruilizing constituents recovered in, 

main- 

7 
influence of feed on, 274 
losses in, 279 ae 
value of 1 ton from farm animals, 277 
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Manure, continued i 
odes by steer from birth to maturity, 

435 
see Fertilizers 

Manurial value of feeds, 274 
Manyplies, 18 
Mare, brood, feed and care of, 320-2 

gestation period of, 321 
see Horse 

Mare’s milk, composition and yield of, 324 
Margin in fattening live stock, 431 
Marsh gas, or methane, 28, 38, 43, 47 
Marsh hay, 214 

for sheep, 536 
Mastication, 19 

energy lost in, 48 
Meadow fescue, 211 
Meat, marbling of, 83 
Meat meal and meat scrap, see Tankage 
Melons, 247 
Metabolism, 31 
Metabolizable energy, 45 
Middlings, see Wheat 

middlings, etc. 
Milch cows, see Cows 
Milk, cow’s, 181, 344-57 

ash in, 77 
bitter, 356 
color of, affected by feed, 356 
colostrum, 77 
composition of, 77, 344 

factors influencing, 344-57 
influence of pavencne lactation on, 

middlings, . Oat 

age of cow, 346 
condition at calving, 

348 
drought, 352 
exercise, 353 
feed, 349-51 
period between milk- 

ings, 346 
turning to pasture, 352 
work, 353 

effects of rich, on infants, 79 
young animals, 78 

fat globules in, 345 
fat, source of, in, 105 
feed-cost of producing, 395-6 
first and last drawn, composition of, 

flavor, affected by feed, 355 
rape pasture, 246 
rye pasture, 210 

for calves, 412, 417 
foals, 325 
lambs, 557 
pigs, 599 

nitrogen and ash in, 16, 77 
odors in, due to feed, 355 
of different breeds, 344 
yield, poets of advancing lactation on, 

of great dairy cows, 393-5 
period of greatest, 348 

Milk, ewe’s, 77, 555 
mare’s, 324 
sow’s, 77, 629 

Milk, production of, 104 
nutrients required for, 106 

secretion of, 104 
source of fat in, 105 
the natural food for young animals, 77 

Milking cows 3 times daily, 355 
Milking, Hegelund method, 355 
Milking machines, 354 
Millet seed, 170 

for pigs, 595. 
sheep, 531 
steers, 457 

foxtail, 170 
German, 209 
hog, or broom-corn, 170 
Hungarian, 209 
Japanese, 209 

FEEDS AND, FEEDING 

Millet hay, 209 
dangerous to horses, 311 
for horses, 311 

lamtks, 536 
steers, 491 

Milo, 168, 169 
for horses, 303 

pigs, 594 
sheep, 530 
steers, 456 

Milo fodder and stover, 202 
Mineral matter, 2, 62-7, 81 

controls life processes, 63 
digestion of, 28 
effects on animals of lack of, 68, 81 

bones of pigs, 81, 94, 573 
for calves, 416 

colts, 326 
cows, 64, 351 
pigs, 66, 81, 94, 572-3 

importance of, in food, 63 
increase in, during growth, 75-6 
in focoing stuffs, 8, 9, 65, Appendix Table 

in plants, 2, 7 
required for growth, 8i-—2 

maintenance, 65 
stored in body of ox in 1 day, 48 
see Calcium and Phosphorus 

Mixed feeds, 189 
Modified Wolff-Lehmann feeding standard 

134-8, Appendix Table V 
Molasses, beet, 186 

for horses, 304 
pigs, 618 
sheep, 530 
steers, 459 

Molasses, cane, 186 
for calves, 416 

cows, 187 
horses, 304 
steers, 458 

Molasses-beet pulp, see Beet pulp, molasses- 
Molasses feeds, 187 

for horses, 304 
Molassine meal, 187 
Mules, 281, 332 
Muscles, cause of contraction unknown, 101 

increase thru exercise, 75 
of pigs, influence of corn feeding 

on, 94-5 
see Protein, 

Muscular contraction, 56, 57, 101 
Muscular energy, may come from protein, 

56, 60, 101 
produced by burning car- 

bohydrates and fat, 100 
production of, 101 

Natal grass, 214 
Net energy, see Energy, net 
Net nutrients, see Nutrients, net 
New corn produci, 198 
Nitrogen, in feeds, as a fertilizer, 273 

in fresh excrement, 278 
gE ee yearly by farm animals, 

voided by farm animais, 278 
Nitrogen-free extract in feeds, how. deter- 

mined, 10 
Nitrogenous compounds in plants, 
Nitrogenous feed, 41 
Nitrogenous waste in urine, £7, 59, 100 
Nutrients, defined, 17 
Nutrients, 17 

digestible, 17, 39 
distribution of absorbed, 33 
final uses of, 34 
in feeding stuffs, explained, 8 
required by dairy cows, 106, 398-405 

horses, 285-92 
pigs, 572-3 
sheep, 107, 561—2 
steers, 493-4 

total digestible, 41 

5 
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Nutritive ratio, 41 
for work horses, 290 
how calculated and expressed, 41 
may be wide for maintenance, 61 
narrow and wide, 41 
narrow favors rapid growth, 91 
wide may depress digestibility, 51-2 

Oat dust, 161 
Oat feed, 161 
Oat hay, 209 
Oat hulls, 160 
Oat meal for calves, 
Oat middlings, 161 
Oats, 159 

bleached, 160 
by-products of, 
clipped, 159 
for calves, 419 

cows, 359 | 
foals, 323 
horses, 299-300 
pigs, 591 
sheep, 528 
steers, 455 

no stimulating principle in, 160 
weight of, 159 
see Cereals 

Oat straw, 216 
for horses, 312 

sheep, 536 
steers, 478 

Oat substitutes for horses, 300 
Odors in milk, due to feed, 355 
Oil cake, see Linseed meal or cake 
Oils, see Fats 
Olein, 5, 585 
Oleonrargarine for calves, 414 
Omasum, 18 
Order and quiet, importance of, for cows, 406 

sheep, 548 | | 
steers, 500 

414, 423 

160 

Orchard grass, 208 
Ox, body temperature of, 55 

composition of body, 15 
increase by, in 1 day, 43 
see Steer 

Oxygen, breathed by ox in 1 day, 42 
Oxygen intake increased during work, 101 

Palatability, 30, 113 
Palmitin, 5 
Palm nut cake, 367 
Pancreas, 23 
Pancreatic juice, 23 
Para grass, 213 
Parsnips, 243 | 

for horses, 317 
Pasturage vs. soilage for cows, 265 
Pasture, abuse of, 21 

annual, for sheep, 545 
effects of feeding concentrates to | 

cows on, 401-3 } 
on milk yield and composi- | 

tion, 352 
fattening cattle on, 501-4 
for beef cattle, 501-4 

horses, 316 
pigs, 608-15 
sheep, 544-7 

gains by steers from, 501—4 
midsummer shortage of, 214 
es from. 1 acre, 265 

Paunch, 18, 22 
see Stomach 

Pea-cannery refuse, 235, 258 
Pea meal, see Pea, field 
Peanut, 178, 238 
Peanut cake or meal, 178 
Peanut hulls, 179 
Peanuts for pigs, 607, 620 
Peanut vine hay, 238 
Pea, field, 179, 235 

for horses, 305 
532, 535 

hay, 235 
for sheep, 535 

Pea, Tangier, 238 
Peavine silage, 235 

fattening sheep on, 543. 
Peavine waste, from canneries, 235 
Pentosans, 3-4 

a source of body fat, 87 
muscular energy, 

in dried brewers’ grains, 162 
in flax seed, 175 

Pentose, 3-4 
Pepsin, 20, 21 
Peptones, 20, 26 
Phosphate, calcium, for farm animals, 66, 94 
Phosphate, ground rock, for farm animals, 66 

foals, 326 
pigs, 81-2 

Phosphoric acid in feeds as a fertilizer, 273, 
27 

in fresh manure, 277 
produced yearly by farm 

animals, 279 
voided and retained by farm 

animals, 273 
Phosphorus, effect of low supply, 64, 81 

feeds low in, and rich in, 64—5, 
Appendix "Table VI 

in bran, 157 
in nerve cells, 63 
inorganic, for pigs, 81 
required for maintenance, 64 

growth, 81 
stored by calf, 76 
withholding from pigs, 81 

Pigeon-grass seed for lambs, 528 
pigs, 595 

Pigs, 568-632 
(For value of various feeds for pigs see 
Roane feeds; i.e., Corn, Clover hay, 
etc 

air breathed by, 67 
bacon production, requirements for, 584 
barrows Vs. sows, 583 
birth weight of, 628 
body of, composition, 15 
body temperature of, 55 
bone for, ground, 573 
breed tests, 582 
calves and lambs compared, 425 
composition of increase during fatten- 

ing, 
concentrates for, 587-608 
cooking feed for, 269, 576 
correctives of mineral nature for, 579 
digestibility of food by, 52 
esse carcass, per cent yielded by, 

102 

droppings) of corn-fed steers for, 434, 

90, cou ne of meat production by, 
—70 

compared with lambs, 557 
exercise for, 581 
fattening, 630 
fattening period, effect of lengthening, 

568-7 0, 630 
feed eaten daily, 568-9 

eaten for 100 lbs. of gain, 568—9 
utilization of, by, 571 

feeds for, 587-623 
feeding corn exclusively, 92-5 

grain on pasture, 609 
inorganic phosphorus to, 81—2 
thru the dam, 568-70 

following steers, 495 
forage crops, for 608—21 
gains from birth to maturity, 568—70 

droppings of steers, 434, 495 
grain, amount to feed on pasture, 609 
grinding grain for, 268, 573- 
ground bone for, 573 
ground rock phosphate for, 81-2 
hogging down corn, 588 

ripe grain, 615 
home markets for pork products, 631 
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Pigs, continued 
influence of feed on body, 92-6 

length of fattening period 
on gains, 568-70, 630 

intestines, length of, 584 
light vs. heavy feeding, 577 
maintenance requirements of, 571 
milk only for, 73 
milk, rich and poor, for, 78 
mineral matter for, 81-2, 573, 579 
number in litter, 627 
nutrient requirements of, 572 
phosphorus-poor rations, effect of, 81 
pork from, see Pork 
preparation of feed for, 573-7 
quarters for, 581 
razorback, 583 
returns from, compared with other farm 

animals, 90, 568 
rich and poor milk for, 78 
roughage for, 608-23 
salt required by, 579 
self feeders for, 578 
shelter for, 581 
soaking feed for, 51, 271, 576-7 
soft pork from, see Pork, soft 
sow, see Sows 
stock foods for, 580 
strength of bones affected by feed, S1—2, 

92-4 
stubble fields, gleaning, 616 
succulent feeds for, 608-21 
summer care and feed of, 624 
summer vs. winter feeding of, 581 
tuberculosis, TOMS tuberculous — steers, 

59 
thru feeding infected milk, 

2 
types of, 582 
unweaned, gains by, 569 
water required by, 579 
weight at birth, 628 
wetting feed for, 577 
winter care and feed of, 625 
see Swine, and Sows 

Plants and animals compared, 16 
Plants, carbon dioxid, food material for, 1 

composition, at different stages of 
maturity, 49 

factors influencing, 48— 

elements present in, L 
food of, 1-2 
how they grow, 1-7 
poisonous, 250-3 
support animal life, 7 
the source of animal life, 7 
use of mineral matter in, 2 
water required by, 1 

Plant substances, how grouped, 8-10 
Poisonous plants, 250-3 
Pork, effects of acorns on, 188 

barley on, 162, 586, 590 
beans on, 180, 585, 605 
buckwheat on, 171, 595 
corn on, 92—6, 585 
linseed meal on, 604 
millet on, 170 
molasses on, 618 
oats on, 586 
peas on, 586, 605 
peanut feeding on, 178, 238, 

586, 621 
roots on, 586 
rye shorts on, 593 
skim milk, on 586 
soybeans on, 586, 606 
squashes on, 620 
velvet beans on, 237 

Pork, soft, causes of, 585 
Potash, as a fertilizer in feeds, 273, 275, 

Appendix Table III 
in fresh manure, 278 
produced yearly by farm animals, 279 
voided by farm animals, 278 

FEEDS AND FEEDING 

Potassium chlorid, feeding in place of salt, 

Potassium in blood, 63 
Potatoes, 243 

dried, 244 
for cows, 385 

horses, 318 
pigs, 619 
returns of, compared with other 
farm animals, 90 

Prairie hay for cows, 378 
horses, 310 
sheep, 536 
steers, 467, 490 

Pregnant animals, food requirements of, 82 
Preparation of feeds, 267-71 
Preparing feed, general conclusions on, 271 
Prickly comfrey, 248 
Prickly pear, 249-50 

for silage, 258 
see Cacti 

Products, edible, returned by various farm 
animals, 90 

Profitable farming, ix-x 
Proprietary feeds, 189 
Protein, 5—7 

absorption of, 33 
amount in rations, 

conditions, 146 
a cell stimulant, 61 
body, a source of muscular energy, 102 
building of body, 27 
compared with other nutrients for pro- 

ducing work, 102 
complete and incomplete, 79 
crude, 5 

digestibility of, 38 
how determined in feeds, 9 
in ripening clover, 231 

corn, 11-2 
timothy, 206 

in young and mature grass, 204 
digestion of, 26 
effects of cep Oty crates in sparing, 56, 

9-61 
excessive feeding of, 60 
fats in sparing, 59-61 
feeding only, 60 

fat formed from, 87 
feeding carbohydrates and fats with, 60 
gain in, by growing ox, 76 
increase of, during growth, 75-6 
liberal supply essential to 

growth, 79 
minimum requirement, 60-2 

by cows, 61 
horses, 286 
steers, 61 

percentage stored in 
growth, 76 

replaced by amids, 62 
required for growth, 79 

maintenance, 59--62 
source of muscular energy, 102 
stored by calf, 76 
waste of, from body, 59 

Protein metabolism, 34, 59-62, 79-81 
Protein-rich rations, effect on fat in milk, 

Poultry, 

adapting to local 

normal 

body during 

35 
Protein supply must be ample, 61 
Protein tissue, storage of, 75-6 

waste of, during work, 100 
Proteoses, 20, 27 
Protoplasm, plant, 3, 5 
Prussic acid, plants carrying, 250 
Ptyalin, 20, 21 
Public tests of dairy cows, 391-3 
Pumpkins, 247 

for cows, 247 
pigs, 620 

Pumpkin seeds, 247 
Purslane, 248 

Quarters for farm animals, see Shelter 
Quiet, importance of, for farm animals, 74 
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Ram, feed and care of, 549 
see. Sheep 

Rape, dwarf Essex, 246 
for cattle, 246 

pigs, 614 
sheep, 546-7 

Rapeseed cake, 308, 367 
Rations, 17 

balanced, 17 
limitations of, 115 

bulkiness of, importance of, 113 
calculating, for dairy cows, 131, 140-5 

fattening steers, 136-8 
steers at rest, 116-8, 

124-5 
complete and incomplete, 71 
compounding, for dairy cows, 410-11 
digestibility of, affected by acid, 52 

age of an- 
imal, 53 

breed of an- 
imal, 53 

carbohy- 
drates, 51, 
291 

cooking, 51 
drying green 

forage, 50 
fat, 52 
kind of an- 

imal, 52 
salt, 52 
steaming, 51 

economical, for farm animals, 139-48, 
(0) 

fed cows on test, 393 
feeding wide and narrow to steers, 91 
for dairy cows, standards for computing, | 

see Feeding standards 
for various farm animals, see Feeds 
general hints on computing, 112—5 
general requirements of, 112-6 
hints on calculating, 116 
influence of scanty, on growth, 96-8 
maintenance, 17, 54—74 

economical, 48, 58 
for mature animals, 54-74 

growing steers, 96-8 
for various farm animals, Appendix 

Tables IV and V, see also 
Horse, Pig, etc. 

heat requirements in, 58 
influence of quiet on, 58 

restlessness on, 58 
temperature on, 59 

protein required in, 60—2 
should vary according to body sur- 

face, 59 
see Maintenance ration 

meager, effect of, on growing steers, 96-8 
poor, fair, and good, for dairy cows, 410 
piace considerations concerning, 

practical, for steers, 494 
standard, see Feeding standards 

Rations and feeding standards, general con- 
clusions, 115 

Red clover, see Clover, red 
Red dog flour, 158 

for pigs, 603 
Red top grass, 208 
Her nlerty importance of, for farm animals, 

4 

Rennet, 21 
Rennin, 21 
Rescue grass, 213 
Respiration apparatus, description, 41 
Respiration studies with ox, 41 
Reticulum, 18 
Rice, 166 

damaged, value, 167 
red, feeding value, 167 
returns from sack of, 166 
rough, for horses, 305 

Rice bran, 166 
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| Rice pygenoc uchs and rough rice for steers, 

Rice by-products for pigs, 607 
Rice hulls, dangerous to animals, 166 
Rice meal for calves, 415 
Rice polish, feeding value, 167 
Rice straw, 217 
Roads, draft required on various, 283 
Rock phosphate, see Phosphate, rock 
Roots and silage, dry matter in, 241 

relative cost of, 242 
yield of, 241 

Roots and tubers, 240-5 
costly, 241, 242 
for cows, 383-5 

horses, 317 
pigs, 617-9 
sheep, 241, 538—40 
steers, 481, 482-3 

how fed in Canada and Great Britain; 

influence of feeding on bacon, 586 
use in steer feeding in Great Britain, 241 

stock feeding, 240 ; 
vs. concentrates for dairy cows, 240, 383 
vs. corn silage, 241, 384 

for lambs, 539 
steers, 481 

value of dry matter in, 240 
yield of, and dry matter in, 241, 242 

Roughages, 10 
adapting proportion of roughages and 

coe ce uaLes to local conditions, 

carbonaceous, need supplement, 313 
digestibility of, affected by carbohy- 

drates, 51 
affected by nitrogenous matter, 52 
effect of storage on digestibility of, 50 

| excess injurious to horses, 292, 309 
for various farm animals, see Feeds 

| losses of energy in digestion of, 48 
| necessity of, for calves, 72 

cows, 72 
herbivora, 71-2 

| horses, 73 
sheep, 72 
steers, 72 
swine, 630 

steaming for cattle, 269 
Rumen, 18 
Ruminants, 18 

digestibility of food by, 52 
| digestion of, 21 
Russian thistle, 249 

| Rutabagas, 243 
for horses, 317 

lambs, 539 
steers, 483 

Rye, 164 
effect on dairy products, 164, 360 
for cows, 360 

hay, 210 
horses, 303 
pasture, 209-10 
pigs, 593 
silage, 210, 383 

see Cereals 
Rye grass, English, 211 

Italian, 211 
Rye pasture injures flavor of milk, 210 
Rye straw, 216 

Sagebrush, 248 
Saliva, action on food, 20 

amount secreted, 19 
Salt, common, 66 

effect of excéssive consumption of, 66 
on digestibility, 52 

| for calves, 417 
cows, 405 
horses, 295 
pigs, 579 
sheep, 517 

| steers, 496 
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Salt, continued 
in blood, 63 
influence on digestibility, 52 
need of, by farm animals, 66 
withholding, from cows, 67 

Saltbush, 249 
Salt-marsh hay for cows, 214, 379 
Saltpeter in corn forage, 253 
Scandinavian feed unit system, 126 
Scarlet clover, see Crimson clover 
Scours in calves, 426 
Screenings, see Wheat screenings 
Self feeders for pigs, 578 

sheep, 515 
steers, 447 

Separator skim milk, see Skim milk 
Serradella, 238 
Serum albumin, 33 
Serum globulin, 33 
Sesame oil cake, 308 
Shallu, 168 
Shallu fodder and stover, 202 
Shearing, effect of frequent, 520 
Sheep, 507-67 

(For the value of different feeds for 
sheep, see the various feeds; i.e., corn, 
clover hay, etc.) 

age, influence of, on gains, 512 
air required by, 67 
body temperature of, 55 
breeding studies of, 554 
breed tests of, 509-10 
care and management of, 548—67 
composition of body, 15 
concentrates for, 521-33 
cost of gains by, 561 
daily gain of, 517, 561 
danger from feeding mangels, 242, 538 
dipping, 561 ; 
dressed carcass, per cent yielded by, 518 
exercise for, 514 
fattening, 560—4 

different ages, 512 
in Great Britain, 538 
in small bands, 564 
in the corn belt, 564 
in the East, 564 
in the fall, 562 
in the West, 563 
length of feeding period, 561 
proportion of concentrates for, 561 
rations for, 521-47, 561 

feeding, hints on, 560-4 
feed racks for, 515 
feeds for, 521-47 
flock, proper size of, 508 
general problems in sheep husbandry, 

507-20 
gestation period, 548 
grinding grain for, 268, 515 
increase during fattening, 83 
legume hay for, importance of, 533-5 
mutton and Merino, compared, 508 
regularity and quiet for, 548 
returns compared with other 

animals, 90 
roughages for, 533-7 
salt consumed by, 517 
self feeders for, 515 
shearing before fattening, 511 
shelter for, 513 
shrinkage in shipping, 519 
slaughter tests, 518 
soilage for ewes and lambs, 511 
stomach worms, 559 
succulent feeds for, 538-47 
turning to pasture, 558 
unusual feeds for, 507 
water required by, 516 
weight of dressed carcass, 518 

fattened, 517-8 
winter care of, 550 
winter quarters for, 513, 550 
wool production, see Wool 
see Ewes and Lambs 

farm 

FEEDS AND FEEDING 

Shelter, for cows, 405 
farm animals, 59 
horses, 296 
pigs, 581 
sheep, 513, 550 
steers, 445-7 

Shipstuff, see Wheat feed 
Shock corn, for steers, 471 

value in feeding, 196 
see Corn fodder 

Shocking corn, 196 
Shorts, see Middlings, wheat 
Shotes, care and feed of, 630 

; see Pigs 
Shredding corn forage, 197 

see Corn forage 
Shrinkage in shipping sheep, 519 

: steers, 495 
Silage, 254-64 

advantages of, 257 
alfalfa, 228, 258 
apple pomace, 258 
as a feeding stuff, 259 
beet leaves for, 2438, 258 

. Clover, 232, 258 
Silage, corn, 198-201, 257 

for beef cows, 484—5 
dairy cows, 200, 379-82 
ewes, 551-3 
horses, 317 
pigs, 621 
sheep, 539-43 
steers, 474-80 

Fem Ova ears from corn before ensiling, 

apples, 247 
corn fodder, 199, 380 
hay for cows, 381 
roots, 240 
for cows, 384 

lambs, 539 
steers, 481 

vs. Shock corn for steers, 480 
7 vs. sugar beets for cows, 384 
Silage, cost of producing, 258 

cowpea, 236, 258 
for dairy cows, 374 

crops suitable for, 257 
cured corn forage for, 200 
digestibility of, 51 
effects on milk, 380 
for beef cattle, 474-82 
frosted corn for, 200 
losses in silo, 255 
mixed, for cows, 382 
mouldy, dangerous, 317 
peavine, 235 
preservation, manner of, 254 
position of, on stock farm, 259 
prickly pear, 258 
size of, proper, 263 
sorghums for, 203 
southern vs. northern corn for, 199 
space occupied by, 257, 264 
steaming, 255 
summer, 260 

for cows, 403 
thistles for, 258 
vs. soilage for cows, 260, 385 
waste in airtight silo, 256 
weight of, 262 , 

Silage and roots, dry matter in, 241 
relative cost of, 240, 242 

Silo, 255-7 
capacity of, 262 
eylindrical, 256 
danger from carbon dioxid in filling, 262 
economy of various sizes, 256, 264 
filling, 261 
proper size of, 263 
rate of filling, 259 
requisites of a good, 255 
types of, 256 

Skim milk, 181 
for cows, 369 

VS. 

vs. 

VS. 

VS. 
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Skim milk, continued 
for colts, 325 

calves, 412—5, 418-9 
horses, 182 
pigs, 596-9 

money value, for pigs, 598 
pasteurized for calves, 419 
proper proportion for pig feeding, 598 
substitutes for, in calf rearing, 421-4 

Skin, heat carried off by water escaping 
from, 57 

lost from, by radiation and con- 
duction, 57 

Slaughter-house waste, 183-4 
Slop, amount of water in, for swine, 577 

feeding grain in form of, to cows, 405 
Smut, corn, 252 
Soaked feed, 271 

for horses, 294 
pigs, 51, 271, 576-7 

Soft pork, see Pork, soft 
Soilage, 264-7 

advantages of partial, 266 
alfalfa for, 227 
cereals for, 209 
clover for, 232 
crops for, 266 
defined, 264 
disadvantages of, 260, 264 | 
for cows, 385 

pigs, 616 
sheep, 511 

labor involved in, 264 
sorghums for, 203 
Vs. pasturage, 265 
vs. Silage, 260, 385 

Soiling chart, 266 
Sorgho, see Sorghum, sweet 
Sorghum, sweet, 167, 170 

for cows, 360 
pigs, 593 

Sorghum fodder or hay, sweet, 201—2 
for horses, 311 

sheep, 536 
steers, 467, 490, 491 

Sorghum hay, see Sorghum fodder 
Sorghum pasture, 203 

for pigs, 616 
Sorghum silage, sweet, 203 

for cows, 382 
sheep, 543 
steers, 480-1 

Sorghum soilage, 203 
Sorghum stover, sweet, 202 

for steers, 472 | 
Sorghums, grain, see Kafir, Milo, Feterita, 

Kaoliang, Durra, Shallu 
Southern grasses, 211-4 
Sow and litter, care of, 628 
Sows, age to breed, 626 

care at farrowing, 627 
composition of milk, 629 
feeding exclusively on skim milk, 73 
gestation period, 626 
maintenance requirements, 572 
milk, yield of, 628—9 
number of litters, 626 
spayed vs. unspayed, 583 
vs. barrows, 583 
wintering, 625 
see Pigs 

Soybean, 177, 236 
for calves, 415 

COWS, 366 
horses, 305 
pigs, 605 
sheep, 532 
steers, 463—4 

Soybean cake for cows, 367 
Soybean hay, 236 

for cows, 375 
Soybean meal or cake, 177, 178 

for cows, 367 
Soybean pasture and corn for pigs, 612 
Soybean silage for cows, 376, 382 
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Soybean straw for sheep, 535 
Spayed vs. unspayed sows, 583 
Spaying, effects of, on cows, 353 
Speed in relation to feed, 288 

work, 288, 292 
Spelt, see Emmer 
Spread or margin in selling steers, 431 
Spurrey, 248 
Squashes, 247 
: for pigs, 620 
Stables for beef cattle, 445 

dairy cattle, 405 
horses, 296 
pigs, 581 
sheep, 513 

Stallions, feed and care of, 329-30 
exercise for, 329 

St. Louis Ea position: tests of dairy cows at, 
391-: 

Standard rations, see Feeding standards 
Starch, 4 

absent in flax seed, 175 
action of saliva on, 20 
digested by ptyalin, 20 
in corn kernel, 152 
production of, from corn, 153 
saccharified, for calves, 416 

Starch values, Kellner’s, 119 
Starvation, effects of, 56, 97—9 
Steam ee) Eee) animal compared, 44, 45, 

Steaming roughage for cattle, 269 
silage, 255 

Steapsin, 23 
Stearin, 5 
Steer,feeding, counsel in feed lot, 493-506 

importance of order and quiet 
in, 500 ? 

requires business judgment, 499 
see Steers 

Steers, 430-506 
(For the value of the different feeds for 
steers, see the various feeds; i.e,, corn, 
corn silage, etc.) 

age, influence of on gains, 76, 432-6 
breeds compared, 439-45 
calcium phosphate beneficial to, 66 
calculating rations for, 116-8, 124-5, 136-8 
compared with heifers for beef, 448 
composition of, at different ages, 123 
compozipion of increase during fattening, 

concentrates for, 449-66 
confinement vs. open shed for, 445—7 
cost of fattening, 497 

increases with age, 76, 432-6 
increases with degree of finish, 436 

counsel in the feed lot, 493-506 
dressed carcass, per cent yielded by, 

440, 442 
early maturity of beef breeds, 442 
effects of feeding wide and narrow 

rations, 91 
fat of, effects of cotton seed on, 174 
fattened animal, indications of, 493 
fattening, methods of, 501-6 

on pasture, 501—4 
on roughage alone, 470 
on small allowance of concen- 

trates, 478-9 
ration for, 494 
peguites business judgment, 

9 
feed consumed by various breeds, 440 

from birth to maturity, 

feeds for, 449-83 
feeding exclusively on concentrates, 72 

chiefly on roughage during first 
of fattening, 438, 478 

finished, cost of, 432 
frequency of feeding, 496 
gains on grass, 501—5 

from droppings, by hogs, 495 
influenced by age, 76, 432-6 
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Steers, continued 
getting on feed, 494 
grain feeding on pasture, 502—4 
grazing on cowpeas and corn, 471 
grinding grain for, 268, 451-3 
growth under adverse conditions, 96-9 
heavy and light feeding of corn, 451 
increase during fattening, 83—5 
long vs. short feeding, 437 
loose vs. tied, 447 
mane voided from birth to maturity, 

432 
margin required in fattening, 431 
market grades compared, 439-44 
order, importance of, for, 500 
pasture for fattening, 501—4 

vs. summer feeding, 502 
paved feed lots for, 448 
pigs following, 495 
preparation of feed for, 268, 451-3 
preparing for shipment, 498 
profitable type of, 444 
Prep onuon of valuable parts in carcass, 

pure-bred, smouat of feed consumed by, 
1) 

early maturity of, 442 
feed consumed by for given 

gain, 440 
quality, value of, 443 
quarters for, 445-7 
quiet, importance of, for, 500 
rations fed by British feeders, 482 
rations for fattening, 449-83, 493-4 
returns from, compared with dairy cow, 

338-40 
other farm 

animals, 
90° 

roughage, feeding none to, 72 
roughages, for, 466-83 
salt for, 496 
self feeder for, 447 
shelter for, 445-7 
shipment, preparing for, 498 
short vs. long feeding, 437 
shrinkage in shipping, 498 
soaking corn for, 451—2 
succulent feeds for, 474-83 
summer vs. winter feeding, 502 
tied vs. loose, 447 
valuable parts in carcasses of various 

breeds, 443 
vs. heifers for beef production, 448 
water drunk from birth to maturity, 432 

required by, 496 
weight of fat, at Smithfield Show, 444 

variations in, 497 
wide and narrow ration for, 91 
wintering growing, 489-91 

with grain, 491-2 
without grain, 491 

Steers and pigs, gain of, in feed lot, 434 
Stock, cooked feed for, 269 

preparing feed for, 267—71 
Stock foods, 191 

for pigs, 580 
formule for, 192 

Stomach, capacity of, 18 
digestion in, 20-2 
simple, 20 

Stomachs of ruminants, 18, 21 
Stomach worms in sheep, 559 
Stooking corn, see Shocking corn 
Stover, see Corn stover 
Straw, 216-7 

for horses, 312 
sheep, 536 
steers, 472, 478, 492 

from cereals, 216 
legumes and other plants, 216 

Succulent feed, value of, 73 
for cows, 403 

horses, 316 
pigs, 608 

FEEDS AND FEEDING 

Succulent feed, continued 
for sheep, 538 

steers, 474 
Sucrase, 24 
Sudan grass, 212 
Sudan grass hay for steers, 472 
Sugar beet pulp, see Beet pulp 
Sugar beets, 243 

for cows, 384 
pigs, 618 
sheep, 538 
steers, 481 

vs. corn silage for cows, 38+ 
Sugar cane, 213 
Suint in wool, 107 
Summer silage, 260 
Sunflower seed, 179 
Sunflower seed cake, 179, 308, 367 
Sun, the source of life, 7, 35 
Swedes, see Rutabagas 
Swedish clover, see Clover, alsike 
Sweet clover, see Clover, sweet 
Sweet potato, 244 
Sweet potatoes for pigs, 620 

steers, 482 
Swine, management and feed of, 624-32 

: see Pigs 
Systems of feeding, adapting to local con- 

ditions, 146-8 

Tallow, fed to cows, 350 
rough, yielded by steers of various 

breeds, 443 
Tankage, 183 

for horses, 309 
pigs 95, 600-2 
sheep, 533 

see Flesh waste 
Teeth, care of, in horses, 297 
Temperature, body, of farm animals, 55 

effects of too high, in stable, 
59, 296 

see Heat 
Teosinte, 209 
Testing SpeOClAOn: for dairy cows, 128, 

Therm, 44 
Thistles, Russian, 249 

silage from, 258 
Timothy, 205-8 

effect of manuring on, 206 
yield at different stages, 206 

Timothy hay, 205-8 
early and late cut, 206 
for cows, 378 

horses, 309 
sheep, 535 
steers, 468, 491 

vs. upland prairie hay for cows, 378 
Tissue building, 27, 34 
Tree leaves and twigs, 248 
Trotter, feed for the, 335 
Trypsin, 23, 27 

| Tuberculosis, pigs infected thru following 
steers, 597 

spread by feeding 
milk, 182 

Tubers, see Roots and tubers 
Tunis grass, 212 
Turnips, 243 
Twigs, see Tree twigs 

Urea, 34 
energy in, 45, 47 

Urine, 34 
fertilizing constituents voided in, 279 
heat carried off by, 47 
nitrogenous waste in, by ox in 1 day, 43 
voided by farm animals, 278 
waste of nitrogen in, 47 

infected 

Variety of feeds, importance of, 114 
Veal, feeding for, 488 

Dutch, 488 
Seotch, 489 
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Velvet bean, 237 
for cows, 368 

pigs, 237 
steers, 238, 466 

Velvet bean pasture for pigs, 613 
Ventilation, air required by farm animals, 67 

see Air 
Vetch, hairy, 236 

common, 236 
Vetch hay for cows, 376 
Villi, 32 

Waste land and waste feed utilized 
stock, viii 

Waste of body, disposal of, 34 
Water, amount required by animals, 68 

calves, 417 
cows, 68, 404 
horses, 68, 295 
lambs, 516 
pigs, 68, 579 
sheep, 68, 516 
steers, 496 

danger from drinking when overheat- 
ed, 295 

drunk by steers from birth to matur- 
ity, 432 

effects of depriving animals of, 68 
evaporated by horses, 292 
evaporation of, carries heat from 

body, 69 
formed from breaking down food, 69 
free drinking does not cause body 

waste, 69 
frequency of drinking, 69, 404 
influence on digestibility of feeds, 51 
in feeds, how determined, 8 
in plants, 1 
must be warmed in body, 69 
stored in body of ox in’ 1 day, 43 
taken by ox in i day, 42-3 
vapor of lungs, heat carried off by, 57 
warming for. cows, 69, 404 

farm animals, 69 
Watering, time for horses, 294 
Weaning colts, 325 

calves, 419 
lambs, 559 
pigs, 630 

Weeds, silage from, 258 
Weight, body, variations in, of horse, 292 

steer, 497 
Wet beet pulp, see Beet pulp, wet 
Wet Brewers’ grains, see Brewers’ grains, wet 
Wetting feed, for cows, 355 

pigs, 577 
Wethers, see Sheep and Lambs 
Wheat, 155 

by-products of, 156-9 
for cows, 359 

hay, 210 
horses, 303 
pigs, 590 
sheep, 526 
steers, 454 

frosted, for lambs, 527 
stock, 156 

low grade, for steers, 455 
shrunken and damaged, for stock, 156 
see Cereals 

Wheat bran, 157 
cause of laxative effect, 15 
for calves, 414 

colts, 326 
cows, 361, 365, 371-4 
horses, 305, 333 
lambs, 558 

by live 

| 
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Wheat bran, continued 
for pigs 604 

sheep 532, 551 
stallions, 294, 329 
steers, 465 
trotting horses, 336 

phosphorus in, 157 
poor in lime, 157 
uses for stock, 158 

Wheat bread, , feeding to animals, 157 
Wheat feed, 

for cows, 1302 
Wheat grass, 211 
Wheat middlings, 158 

for cows, 362 
horses, 306 
pigs, 602-3 

Wheat pasture favorably affects milk, 210 
Wheat paar or 159 

for sheep, 52 
Wheat shorts, see “Wheat middlings 
Wheat straw,*216 
Whey, 182 

for calves, 422 
cone 361 

, 600 
Whole aie see Milk, cow’s 
Wild grass, 214 

see Prairie hay 
Wild hogs see Pigs, razorback 
Winter lambs 564-6 
Wintering bee cows, 484-6 

growing cattle, 489-92 
horses, 332 

Wolff-Lehmann feeding standards, 
116-8, Appendix Table [IV 

Wood ashes for farm animals, 66 
Woll-Humphrey standard, 131 
Wool, composition of, 107 

influenced by shearing, 520 
feed, 107 

production, 107, 520 
Work, 100—4 

carbon dioxid produced during, 101 
effect on digestibility of feeds, 51, 284 

on milk production, 353 
of practice on, 103 

energy requirements for, 103 
factors influencing efficiency of, 103 
heat produced thru, 104 
internal, produces heat, 45, 47, 104 
measurement of, 282 
ne‘ nutrients needed by horses for, 287 
nutritive ratio for, 290 
of the horse, 282 

miscellaneous factors 
297 

performed by the horse, 282 
possible from 1 Ib. of feed, 284 
protein waste during, 100 
relation of speed to, 288 
Relative. value of nutrients for producing, 

requirements by horse for light, medium, 
and heavy, 292 

severe, by the horse, 292 
source of energy for, 102 
types of, performed by the horse, 287 
value of feeds for, 284 
see Energy i c 

Work animals, nutrient requirements of, 
100—4, 290—2 

see Horses 
Work horse, see Horses 
Worms in pigs, 631 

Yolk in wool, 107 

110-2, 

influencing, 
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